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I. — On  the  Decomposition  of  Citrate  of  Lime  in  contact  with 
putrefying  Curd. 

By  Henry  How,  Esq. 

ASSISTANT    TO    DR.    THOS.    ANDERSON    OF    EDINBURGH. 

The  following  notes  are  intended  as  a  contribution  to  the 
knowledge  already  existing  of  the  decompositions  produced  in 
complex  organic  molecules  by  contact  of  fermenting  substances. 
Although  in  the  present  instance  the  study  of  the  subject  is  incom- 
plete, for  reasons  to  be  specified,  I  thought  the  few  facts  in  my 
possession  sufficiently  interesting  to  be  made  known  in  the  mean 
time,  as  a  number  of  experiments  of  the  nature  to  be  described, 
sufficient  for  supplying  the  whole  of  the  information  sought,  will 
possibly  occupy  a  very  long  period. 

The  subject  of  the  peculiar  action  set  up  in  bodies  by  contact  of 
ferments  and  putrescents  has  proved  very  interesting,  and,  in  the  case 
of  the  organic  acids,  the  results  as  yet  obtained  present  considerable 
uniformity.  From  experiments  of  this  nature  made  with  some  of  the 
vegetable  acids,  and  acids  derived  from  them,  we  sec  succinic  acid 
occurring  as  an  almost  constant  product,  accompanied  in  some 
instances  by  one  or  other  of  the  acids  C„  H„  0^.  Thus  Dessaignes* 
has  shown  that  malate  of  lime  yields  succinic  acid,  and  Liebigf  that 
acetic  and  sometimes  butyric  acid  occur  in  the  same  process,  the 
formation  of  either  of  these  volatile  acids  depending  on  the  relative 
])roportion  of  ferment  and  salt  employed.     The  former  chemist  has 

*  Compt.  Rend.  XXVIII,  16.  f  Ann.  Ch.  Pliarni.  LXX,  104. 
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further  shown*  that  fumaric,  maleic,  and  aconitic  acids  all  yield 
succinic  acid  under  the  same  circumstances ;  but  he  does  not  men- 
tion whether  he  observed  the  formation  of  volatile  acids.  He  remarks, 
however^  that  citrate  of  lime  and  citrate  of  soda  afford  no  succinic  acid. 

Tartrate  of  lime  was  submitted  to  a  similar  trial  some  few  years 
ago  by  Nolluer.f  He  suffered  this  salt,  as  prepared  from  crude 
tartar,  to  undergo  spontaneous  fermentation,  and  he  obtained  a 
volatile  product  which  he  termed  pseudo-acetic  acid. 

Consideration  of  the  foregoing  facts,  induced  me  to  examine  more 
particularly  the  change  produced  upon  citric  acid  by  contact  with 
a  putrescent  body. 

The  experiments  I  am  about  to  detail  were  performed  in  Dr. 
Anderson's  laboratory,  in  Jldinburgh. 

Some  crystallized  commercial  citric  acid  was  powdered  up  with  an 
excess  of  chalk  and  some  water  to  a  thin  paste.  AVhen  effervescence 
had  ceased,  dried  curd  to  the  amount  of  a  fourth  part  of  the  acid 
employed  was  beaten  up  with  the  mixture,  which  was  then  trans- 
ferred, along  with  about  ten  times  its  bulk  of  water,  to  a  glass  flask. 
This  was  furnished  with  a  gas-evolution  tube,  and  placed  in  a  warm 
situation,  where  a  thermometer  immersed  in  the  mixture  indicated  a 
temperature  varying  between  80°  and  100°  Fah.  The  whole  began 
to  stink  in  three  days,  and  in  about  ten  days  fermentation  seemed  at 
its, height;  the  gases  evolved  were  carbonic  acid  and  hydrogen,  and 
at  this  period  the  former  stood  to  the  latter  in  the  ratio  of  two 
volumes  to  one;  the  quantity  of  gaseous  product  afterwards  de- 
creased^ and  the  relative  proportions  of  the  individual  gases  changed, 
the  hydrogen  preponderating.  Of  the  last  portions  of  gas  collected 
about  three  volumes  in  four  were  hydrogen.  The  process  was  stopped 
on  the  twenty-second  day,  when  a  large  amount  of  lime  was  found 
to  be  in  solution,  while  a  slimy  sediment  remained  at  the  bottom  of 
the  flask,  containing  the  undecomposed  curd,  and  the  excess  of  chalk. 
I  could  detect  no  succinic  acid. 

The  fluid  was  filtered  off,  and  precipitated  by  carbonate  of  soda ; 
the  filtrate  from  the  carbonate  of  lime  was  evaporated  to  a  very  small 
bulk ;  the  syrupy  fluid  on  being  allowed  to  cool,  became  a  nearly 
solid  mass,  without  exhibiting  any  distinct  signs  of  crystallization. 
It  was  diluted  with  water  and  distilled  with  an  excess  of  sulphuric 
acid,  the  products  being  carefully  condensed  in  a  Liebig's  apparatus 
The  fluid  which  passed  over  had  a  strong  acid  reaction,  and  smelt  of 
a  fatty  acid ;  the  distillation  w^as  continued  till  about  half  of    the 

*  Compt.  Rend.  XXXI,  432.  f  Gmelin  Handbuch,  Band  V,  IIG. 
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contents  of  the  flask  had  evaporated.  The  product  was  received, 
in  three  separate  portions  :  the  first,  on  the  commencement  of  the 
distillation^  showed  a  slight  opalescence,  apparently  caused  by  the 
presence  of  an  oily  substance,  possibly  a  little  "  ferment  oil  •/'  this, 
however,  soon  disappeared,  and  the  whole  of  the  fluids  collected 
were  clear  and  homogeneous. 

A  silver-salt  was  made  from  the  first  portion  by  neutralizing  as 
nearly  as  possible  with  ammonia,  and  addition  of  nitrate  of  silver.  A 
copious  white  flocky  precipitate  fell ;  it  was  collected  and  washed  with 
cold  water.  On  attempting  to  re-crystallize  it  from  boiling  water*,  it 
was  found  that  while  the  greater  part  dissolved,  considerable  coloura- 
tion took  place,  and  a  small  portion  remained  black  and  undissolved. 
The  filtered  fluid  was  not  completely  colourless ;  however,  it  deposited 
a  salt  in  white  rounded  granules,  which,  under  strong  magnifying 
power,  presented  a  peculiar  appearance,  resembling  the  form  of  sasi- 
frage  or  lycopodium.  It  was  found  to  withstand  the  action  of  light, 
remaining  perfectly  white  after  some  days'  exposure,  but  was  speedily 
blackened  at  a  temperature  of  212^  Fall.;  it  was  therefore  dried  in 
vacuo  for  analysis : 

I.  5-402  grains  gave: 

3*295      „       carbonic  acid,  and 
1*175      „       water, 
4*278      „      gave,  on  ignition, 
2*675      „       metallic  silver. 

A  second  salt  was  made  from  the  same  portion  of  the  distillate  in 
the  same  manner,  but  it  was  not  recrystallized ;  of  this, 

II.  5*800  grains,  died  in  vacuo,  gave  on  ignition 
3*578      „       silver. 

I.  II.  Mean.  , * , 


Carbon  1G*G3  17*23   C^      30 

Hydrogen  2*51  2*29   H^       4 

Oxygen  18*39   0^     32 

Silver  02*52  01*08       02*10            6209  Ai-  108*1 


100-00     100*00     100-00  100  00         174-1 

Although  the  above  results  diffc-.r  somewhat  from  the  theory  given, 
the  discnqjuiicy  is  not  rcjiiarkable  when  the  decom])osible  nature  of 
the  salt  is  taken  into  account;  and  this  allowance  being  made,  the 
constitution  of  the  salt  is  most  simply  represented  by  the  fornmla, 

Ago.  C,  11,03. 

b2 
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Interested  by  this  apparently  anomalous  formula,  I  endeavoured  to 
obtain  the  acid  jwr  se,  by  forming  in  the  first  place  its  lead-salt,  and 
then  distilling  with  strong  sulphuric  acid.  For  this  purpose,  I  satu- 
rated as  nearly  as  possible  the  remainder  of  the  first  portion  of  the 
distillate  with  carbonate  of  lead,  and  evaporated  the  fluid  so  obtained 
to  a  very  small  bulk  in  the  water-bath ;  a  syrup  remained,  which 
after  a  considerable  time  became  an  opaque  and  crystalline  solid 
mass.  A  portion  of  this  was  found  continually  to  lose  weight  by 
protracted  heating  at  212°,  the  acid  apparently  going  ofi^.  The 
remainder  of  it  was  distilled  with  strong  sulphuric  acid;  a  pungent 
acid  liquor  was  obtained,  but  its  quantity  was  too  small  to  admit  of 
any  experiments  to  determine  its  boiling-point,  &c.;  it  was  therefore 
saturated  with  carbonate  of  soda,  and  nitrate  of  silver  was  added  to 
the  solution ;  a  salt  was  obtained  agreeing  closely  in  its  external 
characters  with  that  already  described ;  it  was  analysed : 

6'1 67  grains,  dried  in  vacuo,  gave: 

3*855      „       carbonic  acid,  and 

1"435       „       water, 

4-483      „       dried  in  vacuo,  gave,  on  ignition, 

2-802      „       silver. 

The  percentage  calculation  from  these  numbers  gives  a  close 
approximation  to  those  before  obtained  : 


Found. 

Theory. 

Carbon 

17-07 

17-23 

Hydrogen 

2-58 

2-29 

Oxygen 

17-85 

18-39 

Silver 

62-50 

62-09 

10000  10000 

and  these  results  show  that,  whatever  may  be  the  nature  of  the 
acid,  it  remains  unchanged  during  the  whole  of  the  processes  above- 
mentioned. 

As  before  remarked,  the  most  simple  formula  expressive  of  the 
constitution  of  the  silver-salt,  is 

AgO.C,H,03; 

this  is,  however,  an  improbable  constitution,  and  the  formula  requires 
to  be  doubled  to  assume  a  more  reasonable  character ;  if  this  be  done, 
we  obtain 

2AgO.C,oH,Oe, 
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which  would  be  the  representation  of  a  neutral  salt  of  a  bibasic  acid, 

^10^10^8- 

Such  a  substance  has  not  as  yet  been  met  with  in  an  isolated  state  ; 
but  two  salts  are  described,*  which  undoubtedly  contain  the  elements 
in  proportions  corresponding  to  such  a  formula,  and  the  method  of 
their  formation  indicates  clearly  the  nature  of  the  acid  in  question. 
They  are  produced  by  mixing  together  salts  of  acetic  and  of  propionic 
acids  ;  the  first  is  a  soda-,  the  other  a  silver-salt,  which  last  agrees  in 
such  of  its  characters  as  are  desci'ibed,  with  those  mentioned  above, 
excepting  perhaps  the  slight  difference  that  its  crystals  are  described 
as  dendritic.  I  considei',  therefore,  this  acid  to  be  what  may  be 
called  the  aceto-propionic,  being  made  up  of  an  atom  of  each  of  these 
acids  coupled  together  : 

C4  H^  0^  +  Cg  Hg  0^  =  Cjo  Hjo  Og ; 

its  bibasic  nature  is  thus  accounted  for,  and  its  fonnation  meets  with 
a  curious  parallel  in  the  case  of  the  pseudo-acetic  acid  of  Nollner. 

This  chemistf  obtained  by  the  fermentation  of  tartrate  of  lime,  as 
prepared  from  crude  tartar,  a  volatile  acid  which  he  termed  pseudo- 
acetic  acid.  He  described  some  of  its  salts,  but  did  not  analyse  them. 
Nickles,J  however,  undertook  an  investigation,  from  the  results  of 
which  he  concluded  the  acid  to  be  a  conjugate  compound  of  butyric 
and  acetic  acids;  he  named  it  accordingly  butyro-acetic  acid.  Ber- 
zelius  considered  it  as  a  mixture  of  these  two,  Avhile  Dumas,  Mala- 
guti,  and  Leblanc,  pronounced  it  to  be  identical  with  metacetonic 
(propionic)  acid.  However,  from  the  decided  character  of  some  of 
the  salts  described,  and  the  fact  of  the  acid  separating  into  butyric 
and  acetic  acids,  neither  of  these  views  appears  to  be  well  founded. 

The  existence  of  the  acid  derived  from  citric  acid  lends  a  support 
to  the  original  position  of  Nickles,  and  furnishes  another  instance 
of  the  tendency  of  the  acids  Cj,  H„  0^  to  form  coupled  compounds. 
Viewed  in  this  light,  it  is  the  lowest  term  yet  known  of  a  series  of 
homologous  conjugate  acids,  of  which  many  members  are  wanting  to 
render  it  complete.  The  properties  of  Lerch's§  vaccinic  acid  appear, 
upon  consideration  of  the  evidence,  to  class  it  among  these  bodies, 
although  the   amoimt  of  baryta  found   in   the  salt  examined,  differs 

*  Gmclin  Ilandbiirli,  Ranrl  V.  112,  l\:\. 

t  Ann.  Ch.  Pliarm.  XXXVIII,  299.     Gmeliu  Handbucli,  V,  115. 

t  Gmelin,  V,  llfi. 

§  Ann.  Ch.  Fliaim.  XLIX,  227. 
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somewhat  from  that  corresponding  to  an  acid  composed  of  butyric 
and  capi'oic  acids.  The  circumstance  of  these  acids  being  produced 
upon  simple  exposure  to  the  air,  and  the  identity  of  the  saturating 
capacity  of  vaccinic  acid  with  that  of  both  the  others,  seem  to  overrule 
what  may  be  an  accident,  and  prove  the  acid  to  be  a  coupled  body  of 
the  nature  in  question.  This  admitted,  the  terms  of  the  series  as  yet 
known  are  : 

Aceto-propionic  acid  .  Cjq  H,^  Og^C^  H^  O4  +  Cg  Hg  O^ 
Butyro-acetic  .  .  .  C^^U^r,0^  =  C^R^O^  +  C^  Hg  0^ 
Vaccinic      ....     C.^o  ll.^o  08  =  ^8  Hg  O4+C12  Hi^  O4 

It  was  mentioned  that  the  acid  distillate  from  the  soda-salt  was 
received  in  three  portions.  Silver-salts  were  made  from  the  two  last 
in  the  same  manner  as  from  the  first ;  they  were  decidedly  more 
crystalline  in  appearance.     A  determination  of  the  silver  was  made. 

f^       yj      74-702  grains,  dried  in  vacuo,  gave 
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which  is  sufficient  to  show  them  to  have  the  composition  of  acetate  of 
silver ;  the  peculiar  odour  of  the  liberated  acid,  and  other  reactions, 
confirmed  this  result. 

The  fact  is  here  illustrated,  that  in  a  mixture  of  acids  of  this  series, 
the  most  volatile  does  not  invariably  pass  over  first ;  the  instance  of 
an  acid  mixture  in  certain  proportions  of  acetate  and  valerianate  of 
potash,  when  distilled,  is  another  case  in  point. 

The  derivation  of  these  acids  may  be  explained  by  the  following 
scheme  :  if  we  add  to  the  equivalents  of  two  atoms  of  anhydrous  citric 
acid,  as  it  exists  in  the  neutral  lime-salt,  the  elements  of  10  atoms  of 
water,  we  obtain  those  of  one  atom  of  propionic,  2  of  acetic,  10 
of  carbonic  acid,  and  6  of  hydrogen. 

2  c,2  H5  Oil + 10  HO  =  a^  H20  O32 

Ce  Hg04  4-204  H4  O4  =Cj4Hi4  0j2 

CioH6  02o  =  6H-MOC02 
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I  made  a  second  experiment  upon  a  much  larger  scale,  in  the  hope 
of  obtaining  a  sufficient  quantity  of  the  aceto-propionic  acid  to  enable 
me  to  study  it  more  completely ;  but  having  somewhat  varied  the 
conditions,  I  obtained  nothing  but  acetic  acid.  The  details  of  the 
experiment  are  as  follows  : 

Citric  acid,  as  before,  was  neutralized  with  an  excess  of  chalk,  and 
curd  to  the  amount  of  about  a  sixth  part  of  the  weight  of  the  acid 
was  added ;  the  whole  was  mixed  up  to  a  thin  paste  with  water,  in  an 
open  glass  vessel,  which  was  then  placed  in  a  larger  vessel  of  water, 
in  which  the  temperature  was  kept  constant  at  about  100'^  Fah., 
by  means  of  a  Kemp's  apparatus.  I  observed,  however,  after  fer- 
mentation had  fairly  commenced,  that  a  thermometer  immersed  in 
the  fermenting  mass  itself,  always  indicated  a  temperature  about  10° 
higher  than  in  the  outer  vessel.  The  process  was  continued  between 
three  and  four  weeks,  at  the  end  of  which  time,  a  quantity  of  filtered 
aqueous  fluid  was  precipitated  by  sulphuric  acid,  and  distilled.  The 
product  was  received  in  three  separate  portions,  as  before  ;  a  silver- 
salt  was  made  from  the  first. 

7'315  grains,  dried  in  vacuo,  gave 
4-710      „        silver ; 

the  percentage  calculated  from  this  number  is  64"38,  while  64-69  is 
that  of  acetate  of  silver.     Of  a  salt  made  from  the  last  portion, 

5*916  grains,  dried  in  vacuo,  gave 

3-825      „       silver; 
calculated  percentage  =  66-65.    I  obtained  a  similar  result  by  making 
a  salt  by  direct  precipitation   of  the  lime-salt  by  nitrate  of  silvei",  the 
])ercentage  of  silver  in  the  purified  salt  was  found  to  be  64. 

It  is  obvious,  from  the  foregoing  facts,  that  the  nature  of  the  pro- 
duct varies  according  to  the  conditions  of  experiment,  and  the 
comparatively  high  temperature  constantly  sustained  was  undoubtedly 
the  cause  of  the  formation  of  acetic  acid  only  in  the  last  case ;  it  is 
possible  that,  by  operating  at  a  much  lower  degree  of  heat,  either 
propionic,  or  aceto-propionic  acid  alone  may  be  generated.  Other 
results  might  be  obtained  with  different  salts  of  citric  acid,  with 
bases  wanting  the  affinity  for  carbonic  acid  possessed  by  lime ;  some 
acid  suits  also  might  furnish  subjects  for  experiments.  I  am  not  at 
present  in  a  condition  to  supply  any  information  on  this  subject ;  but 
should  I  arrive  at  any  interesting  facts  in  prosecuting  some  inquiries 
in  this  direction,  which  necessarily  exteiul  over  a  considerable  length 
of  time,  I  shall  offer  them  to  the  notice  of  the  Society. 
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II. —  On  Populin. 
By  Rafaelle  Piria. 

(from  a  letter  to  dr.  hofmann.) 

Since  my  return  to  Italy,  I  have  been  engaged  with  the  investiga- 
tion of  a  crystalline  substance,  discovered,  as  you  will  recollect,  by 
Braconnot  in  the  leaves  and  bark  o?  Populus  tremula,  and  described 
by  this  chemist  under  the  name  of  Populin.  The  composition  and 
the  reactions  of  this  compound  have  remained  unknown  up  to  the 
present  moment.  From  the  following  note,  which  gives  you  the 
results  I  have  as  yet  obtained,  you  will  see  that  populin  is  closely  con- 
nected with  several  of  the  best  known  series  of  organic  chemistry. 

The  composition  of  populin  is  represented  by 

C4oHo2  0ie-f4HO. 

This  formula,  the  result  of  direct  analysis,  is  moreover  confirmed 
by  the  deportment  exhibited  by  this  substance,  when  submitted  to 
the  influences  of  chemical  agents. 

On  heating  populin  with  dilute  acids,  it  is  decomposed  into  benzoic 
acid,  grape-sugar,  and  saliretin,  and  you  will  observe  that  the  above 
formula  of  crystallized  populin  exactly  represents  the  sum  of  the 
elements  of  one  equivalent  of  each  of  these  substances. 

C40  ^26  O20  =  Ci4  Hg  O4  +  Cio  Hi^  0^4  +  Cj^  Hg  Oo. 

Crystallized  populin.  Benzoic  acid.         Grape-sugar.  Saliretin. 

Since  saliretin  is  a  product  of  the  action  of  acids  on  saligenin, 
populin  may  be  viewed  as  a  conjugate  compound  of  benzoic  acid 
with  saligenin  and  grape-sugar. 

C«  ^26  ^20  =  ^u  ^6  O4  +  Cj2  Hj^  Oj^  -t-  Cj^  Hg  0^  —  2  HO, 

Crystallized  populin.    Benzoic  acid.         Grape-sugar.  Saligenin. 

or,  what  amounts  to  exactly  the  same  thing,  as  a  conjugate  compound 
of  benzoic  acid  with  salicin  itself : 

C40  H26  O20  =  C,,  H,  0,  +  C,e  H,3  0,,  -f  2  HO. 

I y '     > ^ '     1 ^_ ' 

Crystallized  populin.    Benzoic  acid.  Salicin. 

The  relations  which  I  have  pointed  out  induced  me  to  try  whether 
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populin  might  not  be  converted  into  salicin.  Nothing  in  fact  is 
easier :  it  suffices  to  boil  a  solution  of  populin  with  baryta-water ;  you 
obtain  a  perfectly  limpid  liquid  which  contains  nothing  except  ben- 
zoate  of  baryta  and  salicin.  I  have  compared  the  chemical  and 
physical  properties  of  salicin  thus  obtained  with  those  of  the  sub- 
stances prepared  fx'om  willow  bark  ;  they  coincide  in  every  point. 
Here  then  we  have  a  very  complex  organic  compound  artificially 
produced  by  the  decomposition  of  a  still  more  complex  substance. 

My  next  step  will  be  to  transform,  if  possible,  salicin  into  populin ; 
I  hope  to  effect  this  change  by  submitting  it  to  the  action  of  chloride 
of  benzoyl. 

^26  ^18  0^4  +   C,4  Hj   0.2  CI  =  C^r,  Hog  Ojg  +    HCl. 


Salicin.  (chloride  of  benzoyl.  Populin  (anhydrous). 

The  only  difficulty  which  presents  itself  as  yet,  is  the  action  of  the 
hydrochloric  acid,  which  is  liberated  in  this  process,  on  the  newly- 
formed  compound. 

I  need  scarcely  mention,  that  in  boiling  populin  with  a  mixture  of 
sulphuric  acid  and  bichromate  of  potassa,  you  obtain  a  considerable 
quantity  of  hydride  of  salicyl. 


III. — On  the  variation  in  the  rehitii>e  p7'opo7'tion  of  Potash  and 
Soda  present  in  certain  samples  of  Barley  yroicn  in  plots  of 
ground  artificially  impregnated  with  one  or  other  of  these 
Alkalies. 

By  Charles  Daubeny,  M.D.,  I'.R.S., 

PRESIDENT    OF    THE    CHEMICAL    SOCIETY    OF    LONDON. 

Although  the  necessity  for  a  due  supply  of  earthy  and  alkaline 
matters  to  the  growing  vegetable  may  be  at  present  regarded  as 
indisputable,  a  good  deal  still  remains  to  be  done  before  we  can  pre- 
tend to  lay  down,  with  any  degree  of  certainty,  the  extent  to  which 
any  one  of  those  ingredients,  commonly  present  in  a  particular  plant, 
may  be  replaced  by  others,  without  affecting  its  health  or  develop- 
ment. 

Saussure,*  indeed,  liad  long  ago  ascertained,   that  a  tree  varied 

*  Recherches  sur  la  v^g^tation,  1804. 
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ill  its  mineral  constitution  according  to  the  nature  of  the  soil  in 
Avhicli  it  had  grown ;  a  fir,  for  instance,  taken  from  a  felspathic 
rock,  being  found  by  him  to  contain  much  potash,  but  no  magnesia ; 
whilst  the  same  from  a  dolomitic  rock  was  charged  with  magnesia, 
but  exhibited  a  proportionate  deficiency  in  alkali.  Berthiei*,*  also, 
had  afterwards  confirmed  this  inference  by  his  analysis  of  two 
samples  of  oak  timber,  the  one  obtained  from  Norway,  the  other 
from  Allevard,  in  Dauphiny,  as  the  proportion  of  soda  and  of  potash 
was  found  by  him  greater  in  the  former  instance  than  in  the  latter. 

The  independent  results  of  these  trustworthy  chemists,  Liebigt 
has  endeavoured  to  bring  under  the  operation  of  a  general  law,  which 
he  has  himself  suggested,  in  showing  that  the  sum  of  the  oxygen 
present  in  all  the  samples  of  timber  analyzed,  whether  by  Saussure 
or  by  Berthier,  w'as  uniformly  the  same,  however  much  in  relative 
amount  the  bases  themselves  might  vary.  This  remarkable  observa- 
tion would  certainly  seem  to  favour  the  idea  that,  provided  there  be 
bases  present  in  the  soil  sufiicient  for  neutralizing  the  organic  or 
mineral  acids  generated  or  secreted  by  the  growing  vegetable,  the 
nature  of  the  former  was  comparatively  unimportant;  and  thus 
might  lead  us  to  conjecture,  that  isoraorphous  bodies,  at  least,  which 
replace  each  other  in  the  structure  of  a  mineral,  might  do  the  same 
also  in  the  organization  of  a  plant. 

Amongst  other  facts  tending  to  the  same  conclusion,  may  be  cited 
the  analyses  made  some  years  ago  by  Will  and  Fresenius,  of  barley 
grown  in  the  interior  of  Germany,  and  in  the  more  maritime  districts 
of  the  Netherlands,  as  the  former  was  found  to  contain  a  smaller 
proportion  of  soda  in  comparison  with  the  potash  present,  than  the 
latter. 

But  before  we  allow  ourselves  to  push  our  inferences  beyond 
the  point  to  which  the  above  facts  strictly  waiTant  us  in  proceeding, 
let  us  consider,  for  a  moment,  the  arguments  that  may  be  adduced 
on  the  opposite  side,  as  tending  to  show,  that  a  certain  definite 
mineral  composition  is  to  be  ascribed  to  each  particular  plant,  and 
probably  even  to  every  one  of  the  several  organs  of  which  it  is  made 
up.  If  the  nature  of  the  mineral  ingredients  present  in  a  plant  were 
a  matter  of  indifference,  provided  only  the  neutralizing  power  pos- 
sessed by  them  were  sufficient  for  the  purpose  of  enabling  them  to 
combine  with  the  acids  present ;  or  even  if,  without  proceeding  to 
this  extent,  we  suppose  one  alkali  capable  in  general  of  supplying 


*  Ann.  Ch.  Phys.  [2],  LXXXIJ. 

t  Chemistry  in  its  application  to  agriculture,  &c. 
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the  place  of  another^  or  an  alkaline  earth  of  being  substituted  for  an 
alkali,  what  then  is  the  end  of  that  remarkable  power  of  selection 
which  all  plants  possess,  and  which  is  so  remarkably  evinced  by 
those  of  marine  origin,  in  their  assimilation,  not  only  of  iodine,  but 
also  of  potash,  from  a  sea  containing  both  in  infinitesimal  proportions 
only.  The  case  of  the  Algse,  indeed,  is  only  an  extreme  example  of  a 
generally  pervading  law ;  for  it  is  sufficient  to  cast  a  glance  over  any 
series  of  vegetable  analyses,  as,  for  instance,  the  tabular  view  given  by 
Dr.  Karl  Bischof  in  a  late  number  of  the  "Journal  fiir  praktische 
Chemie,"*  of  the  composition  of  various  plants,  to  be  convinced,  that 
they  in  general  absorb  potash  in  preference  to,  and  even  to  the 
exclusion  of,  soda,  without  reference  to  the  comparative  abundance 
of  the  two  alkalies  in  the  soil. 

Dr.  Bischof  shows,  that  out  of  a  series  of  200  ash  analyses  of  land 
plants,  or  of  particular  portions  of  them,  there  are  more  than  4-ths  in 
which  the  proportion  of  potash  was  estimated  to  exceed  that  of  soda 
and  more  than  ^th  in  which  potash  alone  was  found,  these  latter  analyses 
moreover  being  the  most  recent,  and  probably,  therefore,  the  most 
trustworthy.  On  the  other  hand,  there  is  not  a  single  plant  known  in 
which  soda  alone  occurs,  and  only  a  few,  excepting  those  belonoino* 
to  the  class  of  marine  alga3,  in  which  its  amount  exceeds  that  of 
potash.  Bischof  also  assigns  reasons  for  supposing  that  the  propor- 
tion of  soda  in  the  ashes  may  often  have  been  over-estimated.  It  seems 
moreover,  difficult  to  understand,  why,  if  soda  can  take  the  place  of 
potash,  and  lime  or  magnesia  of  either,  the  same  should  not  be  the 
case  with  strontia;  and  yet  I  found  several  years  ago,t  that  when  a 
plant  had  been  watered  with  a  solution  containing  that  earth,  so 
minute  a  trace  of  it  was  found  in  its  ashes,  that  it  became  impossible 
to  suppose  the  principle  in  question  to  have  entered  into  the  com- 
position of  its  tissue.  Lastly,  with  reference  to  the  results 
obtained  by  Will  and  Fresenius,  I  may  be  permitted  perhaps  to 
set  against  them,  some  made  a  few  years  ago  in  my  own  laboratory 
which  tended  to  show,  that  barley  possessed  the  same  mineral  com- 
position, so  far  as  its  alkalies  were  concerned,  whether  it  had  been 
grown  in  the  east  or  west  coasts  of  England,  or  in  the  more  central 
district  of  Oxfordshire.  J 

Deeming,  therefore,  the  subject  to  be  one  open  to  further  investi- 
gation,  I  was  induced  last  suunner  to  institute  a  few  experiments ; 


*  Vol.  XLVII. 

t  liinnean  Trans.  1833. 

:}    Bakerian  Lecture  on  tlir  rotation  of  crops,  in  tlir  I'll.  Trans,  for  184.5. 


12  DR.    DAUBENY    ON    THE    VARIATION    IN 

the  results  of  which  I  ^YIll  next  submit,  as  introductory  to  a  statement 
of  certain  views  respecting  the  mode  in  which  the  two  alkalies  come 
to  be  formed  in  the  ashes  of  a  plant,  and  the  functions  severally 
discharged  by  them  in  their  living  organisation,  which  I  am  desirous 
of  laying  before  this  Society. 

For  the  purpose  of  ascertaining  how  far  the  alkaline  constitution  of 
a  crop  of  barley  might  be  modified  by  a  difference  in  the  quality  of 
the  soil  in  which  it  was  grown,  I  selected  in  the  same  part  of  the 
Oxford  Botanic  Garden,  seven  plots  of  ground,  of  equal  size,  and  as 
nearly  as  possible  similar  in  point  of  quality,  exposure,  &c.  Two 
of  these  plots  were  manured  with  a  pretty  strong  dressing  of  sub- 
carbonate  of  potash ;  two  with  an  equivalent  amount  of  subcarbonate 
of  soda ;  two  with  common  salt,  in  quantity  sufficient  to  supply  the 
same  proportion  of  soda  as  the  last;  whilst  the  seventh  was  left  without 
any  application  at  all.  The  size  of  the  plots  was  such,  that  the  quantity 
of  potash  added  would  be  equivalent  to  about  ten  bushels  of  common 
salt  to  the  acre,  and  to  corresponding  quantities  of  carbonate  of  soda, 
and  of  carbonate  of  potash  to  the  same  surface  of  soil.* 

In  order  to  prevent  these  saline  matters  from  being  too  speedily 
washed  away  by  rain,  I  had  previously  dissolved  them  in  water,  and 
had  mixed  each  of  the  several  solutions  with  a  bulk  of  stiff  clay 
large  enough  to  absorb  the  whole  of  the  liquid.  The  mixture  was 
then  exposed  to  the  sun  and  air,  in  order  that  the  salts  might  become 
dry,  and  be  thoroughly  incorporated  with  the  mass ;  after  which  the 
whole  was  thrown  upon  the  plots  intended  for  their  reception,  and 
mixed  up  intimately  with  the  soil  down  to  the  depth  of  two  feet  from 
its  surface. 

An  equal  amount  of  barley  was  then  sown  in  each  of  the  said  plots, 
and  the  crop  obtained  separately  dried  and  weighed,  the  straw  and 
grain  having  been  kept  distinct.  A  portion  of  each  having  been 
then  incinerated,  the  soluble  portion  of  the  ash  was  taken  up  by  water, 
after  which  everything,  except  the  alkaline  salts,  was  removed  by  the 
methods  usually  employed  for  that  purpose.  An  aliquot  portion 
of  the  alkaline  residuum  was  in  each  case  converted  into  chloride,  and 
the  potash  separated  from  the  soda-salt  by  means  of  the  chloride  of 
platinum. 

*  The  quantities  being  respectively  i 

7  lbs.  of  pearl-ash, 
20    „    of  subcarbonate  of  soda  in  crystals, 
9    „    of  common  salt  to  each  plot, 

these  numbers  representing  equivalent  amounts  of  the  two  alkalies. 


THE    PROPOIITION    OF    POTASH    AND    SODA    IN    BARLEY.  13 

The  following  were  the  results  obtained  by  this  method  : 


yielded : 

Manured  with : 

altogether. 

of: 

in  100  parts  of 

the  alkaline 

residuum. 

Carbonate  of  potash  .  -j 
Carbonate  of  soda 
Chloride  of  sodium     .  -, 

average  of  the  I  », ,  „ 
two  crops      1 71 2  lbs. 

71      „ 

78      „ 

viz.jg'-^'^J^*"^^- 
L  straw  58      „ 

viz  /grain  13^    „ 
L  straw  574    » 

vi7    [grain  14^    „ 
L  straw  63|    „ 

Potash. 
84-50 
79-50 
76-50 
72-75 
76-50 
76-50 

Soda. 
15-50 
20-50 
23-50 
27-25 
23-50 
23-50 

Unraanured. 

produce  of  the  1  ^  „ 
bed    .     .     .r^      " 

viz  -f  S'^'"  ^^      " 
■  \  straw  52      „ 

82-50 
79-50 

17-50 
20-50 

The  difference  between  the  amount  of  produce,  in  the  bed  left 
unnianured,  and  in  the  rest,  sufficiently  attests  the  benefit  that  had 
been  derived  from  every  one  of  the  saline  matters  added,  and  that 
nearly  in  an  equal  ratio  from  each  of  them ;  whilst  the  larger  amount 
of  soda  present  in  the  crops  which  had  been  dressed  with  carbonate 
of  soda  and  with  chloride  of  sodium,  might  seem  to  indicate,  that  this 
alkaline  principle  had,  to  a  certain  extent,  taken  the  place  of  the 
potash,  in  consequence  of  its  being  present  in  the  soil  in  a  larger 
proportion  here  than  in  the  other  plots. 

But  a  little  further  consideration  may  perhaps  suggest  a  different 
mode  of  explaining  the  facts  in  question.  It  must  be  recollected 
in  the  first  place,  that  the  roots  of  plants  suck  up  indiscriminately 
from  the  soil  every  kind  of  matter  presented  to  them,  whether  it  be 
poisonous  to  them  or  nutritious,  as  was  long  ago  ascertained  to  be 
the  case  by  Saussurc. 

There  must,  therefore,  be  circulating  through  the  system  of  a  plant, 
during  all  the  stages  of  its  growth,  a  certain  amount  of  every  species 
of  saline  matter  which  happens  to  lie  in  contact  with  its  roots,  of 
which,  although  only  that  which  is  capable  of  being  assimilated  by 
its  organs  actually  constitutes  a  part  of  its  substance,  the  remainder 
IS  nevertheless  detained  within  the  vegetable  tissue  for  a  certain  time, 
and  cannot  be  separated  from  it  by  any  known  mechanical  process. 

When  therefore  we  dry  a  plant,  and  reduce  it  to  ashes,  its  residuum 
after  incineration  will  contain,  not  only  the  alkaline  matter  which 
actually  entered  into  the  composition  of  the  organs  themselves,  but 
likewise  that  circulating  at  the  time  through  its  tissue.     The  former 
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indeed,  may  be  assumed  to  1)ear  a  constant  relation  to  tlic  volatilizable 
ingredients  associated  with  it,  but  the  latter  will  necessarily  vary 
according  to  the  nature  of  the  saline  impregnation  belonging  to  the 
water  which  bathes  its  roots. 

Thus,  from  the  soil  to  which  nothing  had  been  added,  a  certain 
amount  of  soda  as  well  as  of  potash  would  seem  to  have  been  extracted 
by  the  barley  grown  in  it,  since  both  alkalies  made  their  appearance 
in  the  portions  incinerated.  This,  however,  is  easily  explained, 
inasmuch  as,  by  a  previous  analysis,  both  soda  and  potash  had  been 
found  to  exist  as  original  constituents  of  the  soil.  It  is  probable, 
however,  that  a  good  deal  of  the  estimated  quantity  of  each  did  not 
actually  enter  into  the  constitution  of  the  organs,  but  had  been 
merely  arrested  in  its  progress  through  the  plant,  so  as  to  be  present 
in  it  at  the  moment  when  tlie  crop  was  cut  down. 

From  the  addition  of  carbonate  of  potash  to  the  soil,  only  a  small 
increase  to  the  percentage  of  potash  in  the  plant  itself  appears  to 
have  resulted ;  but  it  must  be  recollected,  that  the  quantity  of  potash 
present  in  the  ground  was  distributed  over  a  gi*eater  amount  of  crop, 
as  the  produce  of  the  beds  rose,  in  consequence  of  this  addition,  from 
G3  to  71*  lbs. 

By  the  di-essing  of  carbonate  of  soda  given  to  the  third  set  of  beds, 
the  percentage  of  soda  was  augmented  in  a  still  higher  ratio,  because 
the  increase  of  crop  which  followed  did  not  in  the  same  degree 
augment  the  consumption  of  soda  by  the  plant,  as  this  alkali  enters 
less  abundantly  into  its  actual  organisation.  A  larger  proportion  of 
it,  therefore,  would  remain  in  the  juices  circulating  through  the 
vegetable  tissue,  and  would  therefore  add  to  the  apparent  amount  of 
soda  in  the  crop  when  examined. 

The  same  explanation  may  apply  to  the  increase  of  the  same 
alkali  which  took  place  in  the  crop  that  had  been  manured  with  com- 
mon salt;  this,  however,  would  appear  to  exist  in  the  plant  as 
common  salt,  since,  judging  from  the  results  of  the  analyses  given  in 
my  Bakerian  Lecture,*  the  salt  in  question  enters,  as  such,  into 
the  tissue  of  a  plant  without  undergoing  decomposition. 

I  may  perhaps  elucidate  my  meaning  by  the  following  hypothetical 
statement,  in  which  the  numbers  given  must  be  understood  to  be 
quite  arbitrary,  and  intended  merely  for  the  purpose  of  illustration. 

Confining  ourselves  to  the  grain  of  the  barley  experimented  upon, 
let  us  assume  the  normal  quantity  of  potash  and  soda  present  in  it 
to  stand  to  each  other  in  the  relation  of  74  of  the  former  to  9  of  the 
latter. 

*  Phil.  Trans,  for  1845. 
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Then,  in  the  unmanured  crop  : 

Normal  quantity  being    .     .     Potash  74-0     Soda     90 

There  will  have  been  circu- 
lating through  the  crop 
when  cut „         8-5        „        8-5  or  50  to  50. 


82-5  17-5 

In  crops  manured  with  carbonate  of  potash  : 

Normal  quantity    ....     Potash  74-0     Soda     9-0 

Circulating  through  the  crop         „       10-5        „        6-5  or  67  to  33. 

84-5  15-5 

Tn  the  crops  manured  with  carbonate  of  soda  and  chloride  of 
sodium  : 

Normal  quantity     ....     Potash  7i-0     Soda     9'0 

Circulating  through  the  crop         „         2*5        „      14-5  or  15  to  85. 

76-5  23-5 

The  above  explanation  may  perhaps  be  open  to  objection  ;  but  I 
conceive  it  to  be  at  least  encumbered  with  fewer  difficulties  than 
would  attend  the  notion  of  an  actual  substitution  of  soda  for  potash 
taking  place  within  the  organism  of  a  plant ;  for  in  that  case  we 
must  suppose,  that  although  a  certain  number  of  the  atoms  of  the  one 
alkali  may  be  replaced  by  the  other,  no  such  change  can  take  place 
with  regard  to  the  greater  part  of  those  present ;  for  were  the  latter 
possible,  that  is,  were  the  whole,  or  the  greater  part  of  the  atoms  of 
potash  capable  of  being  replaced  by  soda,  not  only  would  there 
have  been  a  much  greater  difference  in  the  constitution  of  barley 
grown  in  soils  so  largely  impregnated,  as  mine  were,  with  salts 
of  soda,  in  comparison  with  the  same  charged  with  those  of  potash ; 
but  we  should  also  be  at  a  loss  to  explain  the  absence  of  a  larger 
proportion  of  soda-salts  in  those  samples  of  barley  which  I  had  ob- 
tained from  the  neighbourhood  of  the  sea,  than  existed  in  others 
taken  from  inland  situations. 

In  the  experiments  above  detailed,  the  utmost  increase  of  soda  in 
the  crop,  caused  by  so  liberal  an  apj)lication  of  soda-salts  to  the  soil, 
did  not  exceed  8  per  cent  of  the  whole;  or  in  other  words,  if  we 
ado])t  the  hypothesis  of  substitution,  only  1  atom  in  12  of  the  potash 
actually  present  admitted  of  being  replaced  by  soda  :    nor  does  it 
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appear^  that  the  largest  dispropoi-tioa  between  the  quantity  of  the 
two  alkalies  brought  into  contact  with  the  ])lant  can  materially  affect 
this  limitation;  for  otherwise,  marine  algse,  which  are  nourished 
by  a  fluid  in  which  the  potash  stands  in  the  smallest  possible  relation 
to  the  soda,  could  scarcely  contain  so  large  an  amount  of  potash  as 
is  frequently  found  to  exist  in  them.  And  yet,  although  we  must,  in 
adopting  this  hypothesis,  assume  certain  limits  to  exist,  beyond  which 
the  usual  constitution  of  a  plant  does  not  admit  of  change  even  by 
the  most  liberal  supply  of  soda,  a  large  excess  of  this  latter  alkali 
must  be  supposed  necessary,  in  order  that  it  should  replace  the 
potash  in  any  degree  at  all;  inasmuch  as  we  find  no  extraordinary 
amount  of  the  mineral  alkali  in  barley  grown  near  the  sea,  where 
soda-salts  must  be  more  abundant  than  they  are  inland. 

These  considerations  would  lead  me  to  imagine,  that  even  in  marine 
plants,  a  portion  of  that  large  quantity  of  soda,  which  is  detected  in 
their  ashes,  may  be  derived  from  the  juices  circulating  through 
their  cellular  structure,  and  does  not  enter  into  their  actual  orga- 
nisation ;  so  that  even  in  them,  perhaps,  potash  may  turn  out  to  be 
the  alkali  which  plays  the  principal  part  in  building  up  the  living 
fabric  of  the  plant.  I  am  by  no  means  inclined,  however,  to  limit 
the  uses  of  the  alkaline  matter  which  is  constantly  contained  in  the 
sap,  to  the  one  end  of  supplying  a  plant  with  the  potash  and  soda, 
which  it  requires,  for  the  formation  of  its  different  organs,  and  for 
that  of  its  characteristic  secretions;  since  Liebig  himself  has  pointed 
out  another  function  which  both  alkalies  are  equally  fitted  to  dis- 
charge, namely,  the  fixation  of  carbonic  acid,  through  which,  owing 
to  the  consequent  diminution  of  oxygen,  sundry  other  organic  acids, 
such  as  the  tartaric,  the  oxalic,  the  malic,  &c.  may  be  formed. 

It  is  not  my  intention,  however,  to  pursue  this  fertile  subject  on 
the  present  occasion ;  in  conclusion,  therefore,  I  will  only  remark, 
that  I  am  fully  aware  of  the  scantiness  of  the  data  contributed  by 
myself  in  this  paper  towards  the  elucidation  of  the  question  discussed 
in  it ;  and  that  I  should  have  been  reluctant  to  occupy  the  time  of 
this  Society  by  bringing  them  forward,  had  I  not  hoped  that  they 
might  be  the  means  of  stimulating  others  of  our  members,  w^ho  have 
more  leisure  than  myself,  for  such  investigations,  to  undertake  a 
larger  and  more  precise  train  of  experiments,  calculated  to  determine 
the  still  questionable  point,  as  to  the  power  residing  in  plants  to 
substitute  one  mineral  ingredient  for  another,  in  the  construction  of 
their  respective  organs,  or  in  the  elaboration  of  the  peculiar  secre- 
tions which  they  contain. 
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IV. —  On  the  Compounds  of  Cotton  with  the  Alkalies. 
By  J.  H.  Gladstone,  Ph.  D. 

The  beautiful  eflfects  produced  by  ilr.  Mercer  through  treating 
cotton  with  a  cold  solution  of  caustic  soda,  are  well  known  not  only 
to  the  scientific  world,  but,  through  the  medium  of  the  Great  Exhi- 
bition, to  the  public  in  general.  Yet  I  believe  the  chemical  compound 
tself  has  not  hitherto  been  investigated. 

This  gentleman  found  that  when  cotton,  or  a  cotton  fabric  is 
immersed  in  a  very  strong  alkaline  ley  in  the  cold,  a  certain  com- 
bination is  effected.  This  "  sodaed"  cotton  parts  with  all  its  alkali 
when  washed  with  pure  water,  and  the  "mercerized"  cotton  thus 
produced,  is  not  only  much  contracted,  so  that  coarse  fabrics  have 
assumed  the  appearance  of  fine  ones,  but  when  dyed  it  displays 
colours  of  more  than  ordinary  brilliancy. 

It  is  evident  that,  by  the  process  described  above,  the  combination 
of  soda  and  lignine  is  not  obtained  in  a  state  fit  for  analysis.  As  the 
fabric  issues  from  the  alkaline  ley,  there  adheres  to  it  an  excess  of 
soda,  and  the  moment  it  is  touched  by  water  its  integrity  is  destroyed. 
It  became  a  desideratum  then  to  find  a  solvent  capable  of  removing 
the  uncombined  alkali  whilst  it  left  the  compound  unimpaired.  Alco- 
hol suggested  itself  to  my  mind  as  likely  to  possess  the  requisite 
quality,  especially  as  it  might  be  employed  in  an  anhydrous  condition. 

As  preliminary  experiments,  two  portions  of  pure  cotton  were  taken, 
each  weighing  20  grs.  when  thoroughly  dried.  The  one  w^as  steeped 
in  cold  caustic  soda,  so  dilute  as  not  to  produce  Mr.  Mercer^s  re- 
action, the  other  in  a  strong  solution  of  soda.  They  were  both 
soaked  repeatedly  in  successive  portions  of  absolute  alcohol,  and 
subsequently  dried  in  vacuo  over  sulphuric  acid.  In  Exp.  I.  the 
cotton  proved  to  be  of  the  original  weight,  and  did  not  retain  any 
soda;  in  Exp.  II.  the  cotton  had  increased  to  24*4  grs.,  and  con- 
tained an  amount  of  soda,  which,  when  dissolved  out  by  water, 
neutralized  by  sulphuric  acid,  and  evaporated  in  a  platinum  dish 
(excess  of  sulphuric  acid  in  combination  being  removed  as  usual  by 
small  pieces  of  carbonate  of  ammonia),  gave  4-8  grs.  of  sulphate  = 
2-1  grs.  of  absolute  soda.  From  the  first  experiment,  the  conclusion 
may  be  drawn  that  absolute  alcohol  is  capable  of  removing  from 
cotton  any  portions  of  uncombined  soda ;  and  from  the  second  it  may 
be  inferred  that  such  alcohol  does  not  decompose  the  compound  of 
soda  and  cotton. 
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Having  thus  obtained  a  method,  I  performed  a  series  of  more 
exact  experiments.  A  solution  of  soda  of  sp.  gr.  1124  was  found 
capable  of  combining  with  cotton,  though  it  did  not  produce  much 
shrinking.  It  was  made  use  of  in  preference  to  a  stronger  solu- 
tion, as  it  left  less  alkali  adhering  to  the  fibre  to  be  afterwards 
washed  out  with  alcohol. 

Exp.  III.  20  grs.  of  cotton  steeped  for  an  hour  in  the  alkaline  ley, 
washed  repeatedly  with  absolute  alcohol,  and  thoroughly  dried  in 
vacuo,  had  increased  to  21-97  grs.,  and  furnished  2-70  grs.  of  sul- 
phate of  soda. 

Exp.  IV.  The  cotton  regained  from  Exp.  IL,  similarly  treated, 
showed  an  increase  in  weight  to  21-09  grs.,  and  yielded  2-71  grs.  of 
sulphate  of  soda. 

Exp.  V.  20  grs.  of  cotton  were  treated  in  precisely  the  same  man- 
ner, but  as  the  difficulty  of  washing  out  the  uncombined  soda 
consumed  much  absolute  alcohol,  ordinary  rectified  spirits  was 
employed  instead.  The  soda  compound  weighed  21-28  grs.,  and 
yielded  2-05  grs.  of  sulphate  of  soda. 

Exp.  VI.  20  grs.  of  cotton  similarly  treated,  were  washed  with  hot 
alcohol  of  sp.  gr.  825.  The  dried  compound  weighed  22*20  grs., 
and  yielded  3-12  grs.  of  sulphate.  This  is  a  large  amount,  and  indi- 
cates that  alcohol  of  this  strength  may  safely  be  employed  to  wash 
the  compound. 

Exp.  VII.  Lest  it  might  be  contended  that  the  alcohol  did  not 
remove  from  the  woody  fibre  certain  impurities,  which  might  be 
present  in  an  aqueous  solution  of  soda,  20  grs.  of  cotton  were  steeped 
in  a  clear  but  saturated  alcoholic  solution  of  the  alkali.  Little  if 
any  shrinking  took  place,  but  there  was  a  certain  amount  of  com- 
bination, for  the  cotton  well  washed  with  spirits  of  sp.  gr.  825  and 
dried,  weighed  21-01  grs.,  and  afforded  1-41  grs.  of  sulphate  of  soda. 

As  yet  the  results  are  very  discordant,  as  will  be  apparent  from  the 
annexed  table,  nor  does  the  combined  soda  in  any  instance  stand  in 
a  definite  atomic  ratio  to  the  lignin  : 


Exp.  III. 
„  IV. 
„  V. 
„  VI. 
„     VII. 


Ratio  between  original  and  soda-ed  cotton 

100    :    109-85 

100    :    105-45* 

100    :    106-4 

100    :    111-0 

100    :    10505 


and  combined  soda. 

5-91 
5-94 
4-49 
6-83 
3-08 


*  This  number  is  reckoned  as  obtained  from  20  grs.;  but  it  is  in  all  probability  too 
low,  since  the  whole  amount  of  cotton,  as  will  be  afterwards  explained,  is  never  reco- 
vered from  the  mercerizing  process. 
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From  this  we  must  conclude  either  that  woody  fibre  has  a  great 
affinity  for  caustic  soda  at  a  low  temperatui'e,  but  does  not  form  any 
definite  chemical  compound  with  it ;  or  else  that  the  cotton  in  the 
forementioned  expei-iments  had  not  been  thoroughly  saturated  with 
the  alkali.  As  this  might  depend  upon  the  strength  of  the  alkaline 
ley  in  which  the  immersion  was  made,  a  solution  of  soda  of  sp.  gr. 
1342  was  employed,  and  gave  much  more  satisfactory  results. 

Exp.  VIII.  20  grs.  of  cotton  steeped  in  soda-solution  of  the  above- 
mentioned  specific  gravity,  and  washed  with  successive  portions  of 
hot  alcohol  of  sp.  gr.  825,  until  when  dried  it  ceased  to  lose  weight, 
was  found  to  have  increased  to  22*64  grs.,  and  yielded  4-25  grs.  of 
sulphate  of  soda. 

Exp.  IX.  20  grs.  of  ])reviously  mercerized  cotton,  similarly  treated, 
showed  an  increase  of  weight  to  23-21  grs.,  and  yielded  4'70  grs.  of 
sulphate. 

Exp.  X.  A  piece  of  calico  4  in.  x  4,  and  weighing,  when  tho- 
roughly dried,  18*65  grs.,  was  subjected  to  the  action  of  soda.  From 
a  solution  of  sp.  gr.  1124  it  absorbed  an  amount  of  soda  equivalent  to 
2*00  grs.  of  sulphate;  that  is,  as  100  :  4*70  combined  soda.  Washed 
with  water,  dried,  again  immersed  in  alkaline  ley,  but  of  sp.  gr.  1342, 
washed  with  hot  alcohol  of  sp.  gr.  825,  and  dried  in  vacuo,  it  weighed 
21*84  grs.,  and  yielded  4*40  grs.  of  sulphate  of  soda.  The  immer- 
sion in  soda  only  lasted  10  minutes.  The  piece  of  calico  had  con- 
tracted to  the  measure  of  3*3  in.  x  3*3. 

Exp.  XI.  In  order  to  ascertain  whether  the  fibre  was  capable  of 
combining  with  a  still  larger  proportion  of  soda,  either  by  employing 
a  stronger  alkaline  ley,  or  by  exposing  it  to  the  action  for  a  longer 
period,  a  piece  of  calico  weighing  18*32  grs.  was  immersed  for 
17  hours  in  a  solution  of  caustic  soda  so  strong  as  to  be  syrupy,  in  a 
vessel  protected  from  the  atmosphere.  Having  been  washed  and 
dried  as  usual,  it  weighed  21*04  grs.,  and  yielded  3*78  grs.  of  sul- 
phate of  soda.  This,  instead  of  being  a  larger  amount  of  soda  than 
in  the  three  previous  instances,  is  a  trifle  smaller.  There  was  the 
same  amount  of  contraction. 

Exp.  XII.  was  intended  as  one  in  which  every  precaution  should 
be  taken  to  insure  the  definite  character  of  the  compound  examined. 
Apiece  of  fine  calico  of  about  90  strands  to  the  inch,  weighing  14*67 
grs.,  and  measuring  3  in.  x  3,  was  steeped  in  cold  caustic  soda  in  a 
close  vessel  for  30  minutes.  It  was  then  removed,  pressed  between 
folds  of  cloth,  and  washed  with  absolute  alcohol  also  in  a  vessel  pro- 
tected from  the  air,  until  it  ceased  to  lose  weight  when  dried.     Dried 
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in  vacuo  it  weighed  17-17  grs.,  and  it  afforded  3-15  grs.  of  sulphate 
of  soda. 

The  results  of  these  five  experiments  may  be  thus  tabulated : 


Exp.  VIII. 
„  IX. 
„  X. 
„  XL 
„      XII. 


Ratio  between  original  and  soda-ed  cotton 
100         :         1132 
100         :         116-05 
100         :         111-2 
100         :         114-8 
100         :          117-05 


and  combined  soda. 

9-31 

10-30 

10-34 

9-07 

9-41 


It  will  be  at  once  evident  that  there  is  a  wide  discrepancy  between 
the  numbers  in  the  first  column,  but  the  second  column  presents  con- 
siderable accordance;  and,  if  we  take  the  amount  of  soda  in  the 
experiment  most  to  be  relied  on — No.  XII.,  namely,  9-41  per  cent, 
or  the  average  of  the  whole  five  determinations, — namely,  9*68  per 
cent,  we  find  it  almost  exactly  coinciding  ^vith  the  amount  that 
should  be  obtained,  supposing  one  atom  of  soda  to  combine  with  one 
atom  of  lignine — Co^  Hoq  O.^q — namely,  9-65. 
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9-65. 


The  mode  of  production  of  this  substance  might  lead  us  to  imagine 
that  it  was  a  substitution  product  of  C^^  HgQ  O20,  in  which  one  equiva- 
lent of  sodium  replaced  one  equivalent  of  hydrogen ;  but,  as  the 
weight  of  the  dried  substance  never  fell  short  of  the  united  weights 
of  the  cotton  and  the  soda  taken  up,  it  must  rather  be  considered  as 
a  compound  of  the  two.  The  difference  of  its  state  of  hydration 
clearly  gives  rise  to  the  differences  observable  in  the  first  column  of 
the  tables.  In  some  instances  (as  Exp.  X.)  the  soda  appears  to  carry 
along  with  it  little  or  no  water,  in  other  instances  (as  Exp.  XII.)  as 
large  a  quantity  as  3  equivalents ;  and  this  combined  water  will  not 
separate  in  vacuo  at  ordinary  temperatures.  The  compound  is  also 
very  hygroscopic,  absorbing  from  moist  air,  in  one  observed  instance, 
as  much  as  5-39  grs.  of  water  for  23-21  grs.  of  "  soda-ed^^  cotton, 
which  however  it  parted  with  again  in  vacuo.  When  neutralizing 
with  sulphuric  acid  the  soda  washed  out  from  the  cotton,  I  had  fre- 
quently observed  that  there  was  no  effervescence  :  this  induced  me  to 
try  whether  the  "  soda-ed"  cotton  really  did  not  absorb  carbonic  acid. 
Upon  exposing  a  portion  to  an  atmosphere  of  this  gas,  I  found  the 
alkali  was  converted  into  carbonate ;  and  20  grs.  of  cotton,  which 
proved  to  be  combined  with  2-06  grs.  of  soda,  weighed  when  dried  in 
vacuo  23-71  grs.     Little  or  no  water  could  have  been  retained  by  the 
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substance,  foi-  the  weight  of  the  cotton,  plus  that  of  the  alkali  consi- 
dered as  carbonate,  would  be  .23'51  grs.  There  is  a  remarkable 
circumstance  attending  this  compound  in  its  relation  to  heat :  it 
becomes  scorched  at  a  far  lower  temperature  than  the  original 
cotton. 

That  the  combination  of  the  soda  with  the  cotton  has  effected  a 
permanent  change  upon  it  is  certain ;  when  regained  it  is  contracted, 
and  takes  dyes  better;  but  the  question  arises:  Is  this  merely  a 
physical  alteration,  or  has  a  real  chemical  change  of  the  lignina  taken 
place  ?  I  am  inclined  to  view  the  "  mercerized"  cotton  as  chemically 
identical  with  the  original  substance.  In  the  first  place,  it  is  of  the 
same  ultimate  composition.  It  is  true,  the  cotton  regained  never 
absolutely  equalled  the  original  in  weight ;  but  it  was  always  observed 
that  the  fibre  lost  some  flocculent  portions  during  the  steeping  and 
the  washing  processes,  enough  to  account  for  the  1  or  1-5  per  cent 
deficiency  which  usually  occurred.  The  removal  of  only  one  equi- 
valent of  water  would  have  occasioned  a  decrease  of  2' 78  per  cent. 
Again,  the  mercerized  cotton  can  be  recombined  with  soda,  causing 
even  some  additional  shrinking  by  the  process.  a\Iixed  nitric  and 
sulphux'ic  acids  convert  it  into  gun-cotton ;  it  is  acted  upon  by  oil  of 
vitriol  just  as  ordinary  lignine  ;  and  it  is  similarly  hygroscopic. 

The  change  that  takes  place  in  the  physical  condition  of  the  cotton 
is  best  observed  under  the  microscope.  The  fibres  in  their  ordinary 
state  appear  as  flattened  twisted  ribands ;  but  the  moment  they  are 
touched  by  the  alkaline  ley  they  untwist  themselves,  and  contract  in 
length,  as  they  swell  out,  assuming  a  rounded  solid  form  ;  and  this 
circular  appearance  they  retain  after  the  soda  is  removed  by  water. 
Thus  the  shrinking  is  explained,  and  I  think  also  the  superior 
character  of  the  colours  which  mercerized  cotton  is  capable  of  exhi- 
biting. For  the  substance  of  the  fibre  itself  is  of  a  porous  nature, 
and  will  of  course  absorb  a  larger  quantity  of  the  dye  when  expanded, 
than  when  compressed  into  a  flat  twisted  band,  and  as  this  takes 
place  in  the  same  space,  a  greater  intensity  of  colour  must  be  the 
result. 

From  these  observations  it  appears  that  lignine  is  capable  of 
forming  a  combination  with  soda,  the  proportion  of  the  alkial 
varying  with  the  strength  of  the  solution  employed,  but  in  no 
instance  exceeding  one  atom,  and  that  this  compound  is  decomposed 
by  water,  being  resolved  into  its  original  compounds. 

In  order  to  ascertain  whether  a  similar  potash  compound  existed,  a 
]nece  of  fine  calico,  measuring  3  in.  x  3,  and  weighing  14-50  grs., 
was  immersed  for  thirty  minutes  in  as  strong  a  solution  of  ]K)tash  as 
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could  be  obtained  limpid.  It  was  washed  with  alcohol  of  sp.  gr.  835, 
and  dried  and  decomposed  as  usual.  It  shrank  to  the  dimensions  of 
3*7  in.  X  3*7.  When  combined  with  potash  it  weighed  17'14  grs., 
and  it  yielded  3"83  grs.  of  sulphate  of  potash. 

Ratio  between 
original  and  combined  cotton  and  potash. 

Exp.  XIII.      ...         100  :  118-3  I  :  14-37 

This  shows  that  there  was  one  equivalent  of  potash  taken  up 
by  the  cotton_,  the  compound  being  C24  H^o  O^o"^^^* 

334  :  47-3  : :  100  :  14-59. 

These  compounds  of  the  alkalies  with  lignine  are  clearly  analogous 
to  their  known  compounds  with  sugar.  Brendecke  and  others  have 
shown  that  both  cane-  and  grape-sugar  will  combine  with  potash  and 
soda  in  the  proportion  of  1  equivalent,  C04  H20  Ooq,  to  1  equivalent  of  the 
alkali.  Whether  these  compounds  are  decomposed  by  water  does  not 
appear  from  the  recorded  observations ;  for  whether  it  be  so  or  not, 
the  same  phenomena  would  be  presented.  Disregarding  the  varying 
amount  of  water  combined  with  the  lignine  compounds,  we  find  both 
them  and  the  sugar  compounds  expressed  by  the  formulae  : 

C24  H.o  O20.  KO,  and  C^^  R^^  0^^.  NaO, 


V. — On  the  occurrence  of  Capric  and  Caprylic  acids  in  some 

Fousel  oils 

By  Thomas  H.  Rowney,  F.C.S., 

ASSISTANT    IN    DR.    ANDERSOn's    LABORATORY,    EDINBURGH. 

In  a  paper  read  before  the  Royal  Society  of  Edinburgh  and  pub- 
lished in  their  Transactions,*  I  pointed  out  that  capric  acid  could  be 
obtained  from  the  fousel  oil  procured  from  some  of  the  Scotch 
distilleries.  At  the  same  time,  I  mentioned  that  another  acid  was 
present,  but  in  such  small  quantity  that  its  constitution  could  not  be 
ascertained. 

The  capric  acid  was  found  in  the  residue  obtained  after  distilling 
off  the  amylic  alcohol,  and  in  that  portion  of  the  residue  having  the 

*  Vol.  XX,  Part  2nd.  p.  219  ;  abstr.  Chem.  Soc.  Qu.  J.  IV.  372. 
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highest  boiling  point,  viz.,  above  240°  C.  A  subsequent  examination 
of  the  portion  boiling  between  190°  C.  and  220°  C,  enabled  me  to 
obtain  a  sufficient  quantity  of  the  second  acid  to  determine  its  com- 
position. 

The  oily  residue  was  boiled  with  a  strong  solution  of  caustic 
potassa;  dilute  sulphuric  acid  was  added  to  the  cold  alkaline  solution; 
and  the  oil  which  rose  to  the  surface  was  filtered  off  and  washed  with 
cold  water ;  it  was  then  dissolved  in  a  solution  of  ammonia  and  pi'eci- 
pitated  by  chloride  of  barium,  and  this  precipitate  was  collected  on  a 
filter  and  washed  with  cold  water.  The  baryta-salt  was  dissolved  in 
boiling  water,  filtered,  and  allowed  to  crystallize ;  the  crystals  ob- 
tained were  caprate  of  baryta.  This  salt  was  separated  by  filtering,  and 
the  mother-liquor  was  concentrated  by  evaporation  on  a  water-bath. 
When  reduced  to  about  one-third  of  its  bulk,  it  was  allowed  to  cool, 
when  it  deposited  an  abundant  crop  of  crystals;  the  mother  liquor 
from  these  crystals  gave  another  crop  by  being  again  concentrated. 
The  baryta-salt  was  purified  by  re-ci-ystallization,  and  an  analysis  made 
of  it.  The  baryta  was  determined  as  carbonate,  by  ignition  in  a 
platinum  crucible,  the  salt  burning  very  readily : 


•2872  grms.  of  substance,  dried  at  100°C.,  gave 
•1340      „      „  carbonate  of  baryta. 


•3300  grms.  of  substance  gave 
•1535      „      „  carbonate  of  baryta. 


•2930  grms.  of  substance  gave 
•1360      „      „  carbonate  of  baryta. 


•2705  grms.  of  substance,  dx-ied  at   100°C.,  and  burnt  with 

chromate  of  lead,  gave 
•4487       „      „  carbonic  acid,  and 
•1772      „      „  water. 

V. 

•2973  grms.  of  substance  gave 
•4940      „      „  carbonic  acid,  and 
•1988      „     „  water. 
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I.  II.  III.  Mean. 

Ba  0        36-24         3612        3604         3613. 

IV.  V.  Mean. 

Carbon       45-24         45-31         45-28 
Hydrogen    7-28  7-42  7-35. 

The  numbers  obtained,  correspond  with  those  for  caprylate  of 
baryta,  as  will  be  seen  by  comparing  the  theoretical  numbers  with 
those  obtained  by  experiment. 


Mean 

of  ex^jeriment 

Ci6 

96 

45-37 

45-28 

Hl5 

15 

7-09 

7-35 

03 

24 

11-34 

11-24 

BaO 

76-6 

36-20 

36-13 

211-6        100-00  10000 

This  examination  shows,  that,  in  addition  to  the  usual  constituents 
of  fousel-oil,  viz.,  water,  alcohol  and  amylic  alcohol,  the  fousel-oil 
obtained  from  some  of  the  Scotch  distilleries,  contains  compounds 
having  a  higher  boiling  point  than  amylic  alcohol,  and  that  caprie 
and  caprylic  acids  are  present  in  these  compounds,  but  whether  as 
amyl  or  ethyl  compounds  could  not  be  ascertained,  as  no  fixed  boiling 
point  could  be  obtained  on  distillation. 


VI. —  On  the  oxidation  of  Chinese  wax. 
By  Nevil  S,  Maskelyne,  M.A., 

DEPUTY  READER  IN  MINERALOGY  TO  THE  UNIVERSITY  OF  OXFORD. 

The  experiment  which  I  propose  to  describe,  suggested  itself  in  the 
course  of  an  investigation  commenced  by  me  in  the  laboratory  of 
Mr.  Brodie  in  the  early  part  of  last  year,  but  which  has  been  inter- 
rupted by  unavoidable  circumstances,  and  only  recently  resumed. 
Without  entering  upon  the  other  questions  involved  in  that  investi- 
gation, it  is  only  necessary  to  state  that  it  embraced  the  inquiry  into 
the  chemical  nature  of  the  substances  which  we  know  as  Chinese  wax 
and  spermaceti.  When  isolated  from  certain  slight  impurities  which 
it  contains,  Chinese  wax  has  the  formula  C^Qg  Hj^g  O4,  which,  by  the 
action  of  hydrate  of  potash,  may  be  broken  up  into  substances  with 
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the  formulae  C54  H^g  O2  [cerotin]  +  C-^  Hj^  O^  [cerotic  acid] ,  two 
equivalents  of  water  being  assumed  in  the  saponification.  If  instead 
of  melting  the  Chinese  wax  with  hydrate  of  potash  with  a  view  to 
saponify  it^  it  be  mixed  with  lime  and  potash,  and  heated  gently  in 
a  large  combustion  tube,  a  change  takes  place  in  the  substance, 
which  is  of  a  definite  character,  and  therefore  easily  controlled. 
Hydrogen  gas  is  evolved  at  the  part  of  the  tube  where  the  heat  is 
applied;  and  so  soon  as  this  evolution  ceases,  the  coals  should  be 
removed  to  another  part  of  it.  The  product  resulting  from  this 
oxidation  of  the  wax  is,  as  will  be  seen,  a  salt  of  cerotic  acid,  and 
if  the  process  be  carefully  performed,  this  forms  a  very  neat,  indeed 
the  best  way  of  procuriug  this  wax-acid. 

5^oz.  of  potash-lime  were  taken  to  oxidize  1  oz.  of  Chinese  wax. 
The  resulting  mass  was  boiled  for  a  long  time  with  hydrochloric 
acid;  the  wax  matter  thus  eliminated  was  then  frequently  boiled 
with  water,  and  finally  dissolved  in  alcohol,  and  filtered  while  hot. 
A  little  undissolved  substance  remains  on  the  filter,  but  it  is  only  in 
very  minute  quantity.  On  the  cooling  of  the  alcohol,  the  dissolved 
substance  forms  a  copious  white  precipitate  of  which  the  melting 
point  is  79° — 80° C.  The  acid,  however,  is  not  pure;  for  here,  as  is 
probably  also  the  case  with  spermaceti,  there  is  present  a  contami- 
nating substance  in  small  quantity,  which  it  is  very  difficult  to 
separate  completely.  The  mass  of  acid  has  to  be  dissolved  and  crys- 
tallized two  or  three  times  out  of  alcohol,  and  finally  once  or  twice 
out  of  ether.  The  ether  holds  in  solution  the  substance  alluded  to, 
which  exists  in  very  small  quantity,  and  has  a  melting  point  at  least 
as  low  as  69°.  The  acid,  as  thus  obtained,  is  pure  cerotic  acid.  Its 
melting  point  is  81°,  82°,  and  it  yielded,  on  being  analyzed,  the 
following  numbers  : 

I.  -2332  grms.  gave     -677]  CO2  and  -2725  HO 
II.  -2110     „         „       -6118  „    -2536 

III.  another  preparation, 

•2355     „         „       -6814  „  -2841 

which  correspond  to  the  following  per-centage  of  carbon  and  hy- 
drogen : 

I.  II.  III.  Theory  requires. 

Carbon         79-19  7907  78-90  79-02 

Hydrogen    12-98  13-35  13-41  13-17 

Oxygen  7-83  7-58  7-69  7*81 

100-00         10000         10000         100-00 
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The  silver-salt  was  formed  by  means  of  an  alcoholic  solution  of 
nitrate  of  silver^  and  a  solution,  also  in  alcohol,  of  an  ammonia-salt  of 
the  acid  in  the  presence  of  an  excess  of  ammonia.  It  yielded  the 
following  per  centage  of  silver  : 

6"10  grs.  gave  1*280  grs.  =  20-98  per  cent 
4-81     „       „    1-010     „    =  20-99 
Theory  requires  20-90        „ 

There  can,  therefore,  be  little  question  as  to  the  character  of  the 
change  thus  wrought  by  the  oxidizing  action  of  the  potash-lime. 
Regarding  the  wax  as  the  homologue  of  acetic  ether,  the  acid  has  its 
origin  in  two  sources.  On  the  one  hand^  the  ether,  of  which  cerotin 
is  the  corresponding  alcohol,  is  oxidized  into  cerotic  acid,  while  on 
the  other  hand,  the  anhydrous  cerotic  acid,  which  on  this  viev;  is  sup- 
posed to  be  combined  with  that  ether,  unites  with  the  alkali,  the 
process  being  divided  into  two  parts,  first,  the  saponification  of  the 
substance,  and  subsequently  the  oxidation  of  the  alcohol  formed  from 
the  ether  by  that  saponification.  On  another  view,  first  propounded 
by  Mr.  Lawrence  Smith  in  relation  to  spermaceti,  we  may  look 
upon  these  bodies  as  homologues  of  aldehyde,  in  which  case  the  wax 
may  be  regarded  as  the  aldehyde  of  cerotic  acid,  its  formula  being 
halved  [Cjog  HjQg  O^  =  2  (C-^  H.^  O2)].  Regarding  it  in  this  light, 
the  oxidation  is  that  of  the  substance  as  a  whole  into  cerotic  acid, 
C54  H54  02  +  ^2~^54  ^54  ^4-  ^^^  prcscut  experiment  does  not 
decide  between  these  two  views.  I  have  made  some  further  experi- 
ments in  this  direction,  which  I  hope  on  a  future  opportunity  to 
communicate  to  the  Society.  The  process  I  have  described  is  im- 
portant, as  furnishing  by  far  the  most  expeditious  method  we  at 
present  possess  of  procuring  cerotic  acid;  for  the  washing  out  of 
the  baryta-salt,  formed  in  the  treatment  of  the  Chinese  wax,  or  of 
the  lead-salt  of  cerotic  acid  from  common  bees-wax,  is  a  most  tedious 
operation. 

Spermaceti  is  a  body  precisely  identical  in  type  ^vith  Chinese  wax. 
I  have  oxidized  this  substance  also,  in  the  expectation  that  the  result] 
would  clear  up  the  doubt  as  to  the  identity  or  otherwise  of  ethalic , 
and  palmitic  acids.  These  experiments  do  not  belong  to  the  history 
of  Chinese  wax,  and  it  will  therefore  be  preferable  to  make  them  alsoj 
the  subject  of  a  future  communication. 
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On  a  quick  approximative  method  of  estimating  minute  quantities  of 
iron  by  means  of  a  Colorimeter.    By  Thornton  J.  Herapath. 

The  author  having  been  much  occupied  with  the  analysis  of  waters 
containing  minute  quantities  of  iron,  and  finding  the  ordinary  mode  of 
estimation  by  precipitation  and  weighing  very  troublesome  and  inac- 
curate, when  applied  to  such  quantities,  was  led  to  avail  himself  of  the 
following  centigrade  method,  founded  on  the  reaction  of  persalts  of 
iron  with  sulphocyanide  of  potassium.  A  standard  solution  of  per- 
chloride  of  iron  containing  a  little  less  than  -j-irrtb  of  a  grain  of 
metallic  iron  per  cent,  was  prepared  by  dissolving  1  grain  of  iron 
in  hydrochloric  acid,  with  the  addition  of  a  little  nitric  acid,  evapo- 
rating nearly  to  dr\Tiess,  and  diluting  to  10,000  gr.  measures  wath 
distilled  water  at  60° ;  and  from  this,  other  standard  solutions  of 
different  strengths  were  formed.  A  convenient  quantity  of  the 
water,  generally  half  a  gallon,  was  evaporated  to  dryness,  and  the 
saline  mass  so  obtained  was  afterwards  dissolved  in  hydrochloric 
acid.  The  iron  contained  in  the  solution  having  been  converted  into 
perchloride  by  boiling  with  a  few  drops  of  nitric  acid,  the  silica  and 
other  insoluble  substances  were  separated  by  filtration,  and  the  per- 
oxide of  iron  precipitated  by  ammonia.  This  latter  precipitate  was 
collected  on  a  filter,  and  well  washed  with  water.  It  was  then 
redissolved  in  the  smallest  possible  quantity  of  hydrochloric  acid, 
and  the  liquid  having  been  introduced  into  a  phial  or  tube  of  known 
capacity,  was  diluted  with  distilled  water,  until  it  reached  a  particular 
mark  upon  the  side,  corresponding  to  1000  water-grain  measures  ; 
care  being  taken  of  course  to  add  previously  a  few  drops  of  a  solution 
of  sulphocyanide  of  potassium.  The  depth  of  tint  was  then  com- 
pared with  that  of  the  standard  solutions  before  mentioned,  contained 
in  tubes  or  phials  of  similar  diameter,  in  which  certain  knowai  quan- 
tities of  iron,  ranging  from  the  -rTro-yth  to  the  jth  of  a  grain,  were 
contained  in  the  same  bulk  of  water.  In  order  to  render  the  com- 
parison of  tints  more  perfect,  the  tubes  were  placed  against  a  sheet  of 
white  writing  paper,  and  held  between  the  eye  and  the  diffused  light. 
Operating  in  this  way,  the  author  was  enabled  to  estimate  the  ,  p'o  ^th 
of  a  grain  of  iron  per  gallon  with  the  greatest  readiness.  It  was 
sometimes  found  preferable  to  employ  but  one  standard  solution. 
The  pro])ortion  of  iron,  in  the  liquid  tested,  was  then  determined  by 
measuring  the  volume  of  water  that  was  required  to  lighten  the  tint 
so  as  to  render  it  identical  with  that  of  the  normal  solution,  or  vice 
versa. 
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On  Dr.  Keller's'^  supposed  formation  of  Metacetonic  Acid  from  Flour 
and  Leather.     By  R.  W.  Forster. 

A  mixture  of  flour  witli  scraps  of  leather,  carbonate  of  lime,  and 
water,  having  been  digested  for  three  weeks  at  a  gentle  heat,  the 
liquid  was  strained  off,  the  dissolved  lime-salt  converted  into  a  soda- 
salt,  the  solution  concentrated  by  evaporation,  and  distilled  with  excess 
of  sulphuric  acid.  A  portion  of  the  acid  distillate  was  then  neutra- 
lized with  carbonate  of  soda,  the  remainder  added  to  it,  and  the  whole 
distilled.  According  to  Keller,  butyric  ether  should  distil  over, 
acetate  and  metacetonate  of  soda  remaining  in  the  retort.  The  dis- 
tillate obtained  by  Mi\  Forster,  however,  had  an  odour  not  at  all 
resembling  that  of  butyric  ether ;  and  the  dry  residue,  when  distilled 
with  sulphuric  acid,  yielded  a  distillate  which  had  not  the  odour  of 
either  acetic  or  metacetonic  acid,  and  gave  no  odour  of  acetic  ether 
when  heated  with  alcohol  and  sulphuric  acid.  The  liquid  also  yielded 
a  baryta-salt  containing  65 '5  per  cent  (mean)  of  baryta,  a  quantity 
differing  by  1|  per  cent  from  67'4,  the  amount  required  by  the 
formiate;  the  deficiency  was  probably  due  to  slight  impurities. 
Acetate  of  baryta  contains  60,  and  metacetonate  of  baryta  54'06  per 
cent  of  the  base.  Moreover,  the  solution  of  the  baryta-salt  rapidly 
reduced  nitrate  of  silver.  The  principal  constituent  of  the  distillate 
appears  therefore  to  he  formic  acid. 

*  See  this  Journal,  Vol.  Ill,  p.  190. 
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PROCEEDINGS 


MEETINGS  OF  THE  CHEMICAL  SOCIETY. 


January  19,  1852. 
Professor  Daubeny,  President,  in  the  Chair. 
The  following  donations  were  announced  : 

"Berattelse  om  Framstegen  i  Fysik/'  1849:  af  E.  Edlund. 

"  Ofversigt  af  Kongl.  Vetenskaps-Akademiens  Forhandlingar,  1850 
from  the  Royal  Stockholm  Academy. 

"  Denkschriften  der  Kaiserlichen  Akademie  der  Wissenschaften :" 
Zweiter  Band. 

"  Sitzungsberichte  der  Kaiserlichen  Akademie  der  Wissenschaften/' 
Band  VI.  Heft  I — V  :  from  the  Imperial  Academy  of  Vienna. 

"  Proceedings  of  the  Glasgow  Philosophical  Society,"  Vol.  III. 
No.  3  :  from  the  Society. 

"Pharmaceutical  Journal,"  Vol.  II,  No.  7:  from  the  Editor. 

"Journal  of  the  Franklin  Institute,"  Vol.  XXII,  No.  2:  from  the 
Institute. 

"  The  Literary  Gazette,"  Nos.  1823—1826 :  from  the  Publishers. 

"  Prideaux's  Scale  of  Equivalents  :"  from  Mr.  Whipple. 

The  following  papers  were  read : 

1 .  "On  the  Analysis  of  the  Water  supplied  by  the  Bristol  Water- 
works Company :"  by  Thornton  J.   Ilcrapath. 

2.  "  On  a  quick  approximative  Mctliod  of  Estimating  minute 
quantities  of  Iron  by  means  of  a  Colorimeter  :"  by  the  same. 

3.  "  On  the  Decomposition  of  Citrate  of  Lime  in  contact  with 
Putrefying  Curd  :"  by  Henry  How. 
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Dr.  Ilofmann  made  a  verbal  communication  on  Liebig's  new 
method  of  estimating  the  quantity  of  urea  contained  in  urine.  He 
stated  that  various  methods  had  previously  been  recommended  for 
estimating  urea,  among  others,  that  of  converting  the  urea  into 
carbonate  of  ammonia,  and  ascertaining  the  quantity  of  nitrogen. 
This  method,  as  well  as  some  others,  required  delicate  and  careful 
manipulation ;  others  again  have  been  proved  to  furnish  incorrect 
results.  Professor  Liebig  had  been  often  applied  to  by  his  physio- 
logical friends  at  Giessen,  to  devise  some  simple  method  of  cflFecting 
this  object,  such  as  a  medical  man  might  himself  readily  apply ;  and 
he  had  succeeded  in  discovering  a  process  which  appeared  to  offer  the 
means  of  estimating  urea  with  great  facility.  It  consists  in  treating 
the  urine  under  examination  with  nitrate  of  red  oxide  of  mercury.  Urea 
combines  with  this  substance,  and  forms  a  snow-white,  almost  insoluble, 
compound,  which  is  immediately  precipitated,  when  urine,  or  a  fluid 
containing  ui'ea,  is  mixed  with  a  solution  of  the  nitrate  of  mercury 
containing  no  fi'ce  acid.  The  precipitate  contains  one  atom  of  urea, 
one  atom  of  nitric  acid,  and  four  atoms  of  red  oxide  of  mercury.  As 
nitric  acid  is  set  free  in  the  process,  and  as  this  free  acid  prevents  the 
further  action  of  the  nitrate,  it  is  necessary  to  neutralize  the  liquor 
after  each  addition  of  nitrate^  with  baryta-water.  Liebig  has  found, 
however,  that  the  presence  of  common  salt  in  the  urine  presents  a 
difficulty  in  the  application  of  the  process,  which  he  has  not  yet  com- 
pletely got  over. 


February  2,  1852. 
Dr.  Lyon  Playfair,  Vice-President,  in  the  Chair, 

The  following  donations  were  announced  : 

"  Smithsonian  Contributions  to  Knowledge,"  Vol.  IL 

"Appendix  I.  to  Vol.  III.  of  the  Smithsonian  Contributions  to 
Knowdedge,  containing  an  Ephemeris  of  the  planet  Neptune  :"  by 
Sears  C.  Walker. 

"Report  to  the  Smithsonian  Institution  on  the  History  of  the 
Discovery  of  Neptune  :"  by  B.  A,  Gould,  Jun. 

"  Fourth  Annual  Report  of  the  Board  of  Regents  of  the  Smith- 
sonian Institution  for  1849." 

"  Notices  of  Public  Libraries  in  the  United  States  of  America  :"  by 
Charles  C.  Jowett :  from  the  Smithsonian  Institution. 
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"  Reports  from  the  Secretary  of  the  Treasury,  of  scientific  investi- 
gations relating  to  Sugar  and  Hydrometers,  made  under  the  super- 
intendence of  Professor  A.  D.  Bache;"  by  Professor  R.  S.  M'Cul- 
loch  :  from  the  Author. 

"  Proceedings  of  the  American  Association  for  the  Advancement  of 
Science,"  in  1850:  from  the  Association. 

"  The  American  Journal  of  Science  and  Arts :"  by  Professor 
Silliman,  No.  36,  for  Nov.  1851  :  from  the  Editor. 

''Journal  of  the  Franklin  Institute,"  Vol.  XXIII,  Nos.  3  and  4 : 
from  the  Institute. 

"  The  Pharmaceutical  Journal,"  Vol.  Ill,  No.  8  :  from  the  Editor. 

"The  Literary  Gazette,"  No.  1827  :  from  the  Publishers. 

"  Sitzungsberichte  der  Kaiserlichen  Akademie  der  Wissenschaften," 
Band.  VII,  Heft  1  and  2  :  from  the  Imperial  Academy  of  Vienna. 

"Stahl's  Fundaraenta  Chymise  :"  from  Mr.  George  Whipple. 

"  Six  Medallions  of  foreign  Philosophers  :"  from  Mr.  D.  Boru. 

The  following  papers  were  read  : 

1.  "On  a  New  Method  of  obtaining  Hippuric  Acid  in  considera- 
ble quantity  without  Evaporation  of  the  Urine ;  and  on  some  of  its 
products  of  Decomposition  :"  by  Edward  Riley,  Assistant  in  the 
Museum  of  Practical  Geology. 

2.  "On  Populin:"  by  M.  Rafaelle  Piria. 


February  16,  1852. 
Professor  Daubeny,  President,  in  the  Chair. 

Frederic  Claudet,  Esq.,  of  University  College;  Christopher 
Leefe  Dresser,  Esq.,  of  Leeds;  Charles  B.  Mansfield,  B.A. ; 
of  Half-Moon  Street;  Joshua  Hutchinson  Robson,  Esq.,  of  6, 
Highbury  Park;  and  Rees  Reece,  Esq.,  of  Ather  Peat  Works,  near 
Dublin,  were  duly  elected  Fellows  of  the  Society. 

The  Pi-esidcnt  announced  the  names  of  the  Vice-President  and 
four  other  Members  of  the  Council,  who  retire  from  office,  and  the 
Vice-President  and  four  other  Members  of  Council,  together  with  the 
remaining  Officers  and  Members  of  the  present  Council,  who  were 
proposed  by  the  Council  to  be  elected  at  the  next  General  Meeting  of 
the  Society. 


32  PROCEEDINGS    OF    THE    CHEMICAL    SOCIETY. 

The  following  donations  were  announced  : 

"  The  American  Joui-nal  of  Science  and  Arts:"  by  Professor  Silli- 
man,  for  January  1852  :  from  the  Editor. 

"  The  Quarterly  Journal  of  the  Geological  Society,"  for  February 
1852  :  from  the  Society. 

"  The  Literary  Gazette/'  for  January  31,  and  February  14 :  from 
the  Publishers. 

"  Specimens  of  Zinc  ores,  in  the  natural  and  prepared  states ; 
Metallic  Zinc,  showing  the  hot  and  cold  fractures ;  Rolled  Zinc ;  a 
Mould  illustrating  the  method  of  making  Zinc  Casts ;  a  Cast  of  the 
Head  of  Sir  Robert  Peel :"    from  the  Vieille  Montagne  Zinc  Works. 

"  Specimens  illustrating  the  Manufacture  of  Kelp  and  Iodine  in 
Ireland  :"  from  Mr.  John  Ward. 

The  following  papers  were  read : 

1.  "On  the  Variation  in  the  relative  Proportion  of  Potash  and 
Soda  present  in  certain  Samples  of  Barley  grown  in  plots  of  ground 
artificially  impregnated  with  one  or  other  of  these  Alkalies  :"  by 
Dr.  Daubeny,  F.R.S. 

2.  "  On  the  Compounds  of  Cotton  with  the  Alkalies :"  by  J.  H. 
Gladstone,  Ph.D. 


March  1,  1852. 

Propessor  Graham  in  the  Chair. 

G.  B.  Buckton,  Esq.,  of  Gloucester  Place,  Hyde  Park,  was  duly 
elected  a  Fellow  of  the  Society. 

The  following  donations  were  announced  : 

"  The  Pharmaceutical  Journal,"  for  March  :  from  the  Editor. 

'^  The  Literaiy  Gazette,"  for  February  28 :  from  the  Publishers. 

"  Specimens  of  Hippuric  Acid  in  different  states  of  purification ; 
of  Benzoic  Acid  prepared  from  Hippuric  Acid;  and  of  Glycocol  in 
the  pure  and  impure  state  :"   from  Mr.  Edward  Riley. 

The  following  papers  were  read  : 

1.  "On  the  occurrence  of  Capric  and  Caprylic  Acids  in  some 
Fousel  Oils  :"  by  T.  H.  Rowney.  .^ 

2.  "On  Dr.  Keller's  supposed  formation  of  Metacetonic  Acid 
from  Flour  and  Leatlier:"  by  R.  W.  Forster. 
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March  15,  1852. 
Professor  Daubeny,  President,  in  the  Chaiv. 

The  following  donations  were  announced  : 

"  The  Literary  Gazette,"  for  March  6th  and  13th  :  from  the  pub. 
lishers. 

"  Experimental  Researches  in  Electricity ;''  Twenty-sixth  series, 
"  On  Lines  of  Magnectic  force,  &c/'  by  Michael  Faraday,  D.C.L., 
F.R.S.  :  from  the  author, 

"  On  a  Method  of  obtaining  a  perfect  vacuum  in  the  receiver  of 
an  Air-pump:"  by  Thomas  Andrews,  M.D.,  F-R.S. ;  from  the 
author. 

The  following  gentlemen  were  duly  elected  Fellows  of  the  Society  t 

Alfred  Smee,  Esq.,  F.ll.S.,  Finsbury  Circus;  Alfred  Fletcheri 
Esq.,  Denmark  Hill,  Camberwell ;  James  HiggiW;  Esq.,  Man- 
chester, 

The  following  papers  were  read  : 

1,  "  On  the  Detection  of  Alum  in  Flour,  with  remarks  on  the 
Preparation  of  Distilled  Water  and  Pure  Potash  :"  by  J.  H.  Pe])pcr, 

2,  "  (Contributions  towards  the  History  of  Tannic  Acid  :"  by 
Dr.  St  reck  er. 

Dr.  Hofmann  made  some  observations  on  Liebig's  new  process 
for  estimating  Urea,  and  described  the  methods  which  this  Chemist 
uses  for  preparing  his  standard  solution  of  mercury,  and  for  esti» 
mating  the  amount  of  chloride  of  sodium  in  urine. 


VOL.  V. — NO,  xvir. 


NOTICES 

OF 

PAPERS  CONTAINED  IN 
British   and   Foreign    Journals. 


Chemical  Report   on  the   cause   of  the    Fire  in   the    'Amazon.' 
By    Professor    Graham. 

February  17th,  1852. 

My  Lords, 

In  reply  to  the  questions  arising  out  of  the  disastrous  loss  of  the 
'Amazon'  by  lire  which  are  proposed  to  nie  for  a  Chemical  opinion,  I 
beg  to  submit  to  your  Lordships  the  following  statements  and  con- 
clusions. 

The  practice  of  mixing  together  the  various  stores  of  the  engineer, 
consisting  of  oils,  tallow,  soft-soap,  turpentine,  cotton  waste  and  tow, 
and  placing  them  in  heated  store-rooms  contiguous  to  the  boilers, 
must  be  looked  upon  as  dangerous  in  no  ordinary  degree,  for  several 
reasons.  Although  oil  in  bulk  is  not  easily  ignited,  particularly 
when  preserved  in  iron  tanks,  still  when  spilt  upon  wood  or  imbibed 
by  tow  and  cotton  waste,  which  expose  much  surface  to  air,  the  oil 
often  oxidates  and  heats  spontaneously,  and  is  allowed  to  be  one  of 
the  most  frequent  causes  of  accidental  fires.  The  vegetable  and 
drying  oils  used  by  painters  are  most  liable  to  spontaneous  ignition, 
but  no  kind  of  animal  or  vegetable  oil  or  grease  appears  to  be 
exempted  from  it ;  and  instances  could  be  given  of  olive-oil  igniting 
upon  sawdust ;  of  gi'easy  rags  from  butter,  heaped  together,  taking 
fire  within  a  period  of  twenty-four  hours ;  of  the  spontaneous 
combustion  of  tape-measures,  which  are  covered  with  an  oil-varnish, 
when  heaped  together ;  and  even  of  an  oil-skin  umbrella  put  aside  in 
a  damp  state.  The  ignition  of  such  materials  has  been  often  ob- 
served to  be  greatly  favoured  by  a  slight  warmth,  such  as  the  heat 
of  the  sun.  I  am  also  informed  by  Mr.  Braidwood,  that  the  great 
proportion  of  fires  at  railway-stations  have  originated  in  the  lamp- 
store,  and  that  in  coach-works  also,  when  the  fire  can  be  traced,  it  is 
most  frequently  to  the  painters'  department,  the  fire  having  arisen 
spontaneously  from  the  ignition  of  oily  matters.  Lamp-black  .and 
ground  charcoal  are  still  more  inflammable,  when  the  smallest  quan- 
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tity  of  oil  obtains  access  to  tlicm;  and  should  not  be  admitted  at  all 
among  ships^  stores. 

The  stowing  metallic  cans  or  stoneware  jars  of  either  oil  or  turpen- 
tine in  a  warm  place  is  also  attended  with  a  danger  which  is  less 
obvious,  namely,  the  starting  of  the  corks  of  the  vessels,  or  the 
actual  bursting  of  them  by  the  great  expansion  of  the  liquid  oil  which 
is  caused  by  heat.  These  liquids  expand  in  volume  so  much  as  one 
upon  thirty  by  a  rise  of  not  more  than  60°  of  temperature,  or  by 
such  a  change  as  from  the  ordinaiy  low  temperature  of  40°  to  a 
blood-heat ;  the  latter  temperature  may  easily  be  exceeded  in  an 
engine-room.  It  is  remarkable  that  the  burning  a  few  years  ago  of  a 
large  steamer  on  the  American  lakes,  which  even  surpassed  in  its 
fatality  the  loss  of  the  '  Amazon/  \yas  occasioned  by  the  bursting,  in 
the  manner  described,  of  a  jar  of  turpentine  placed  upon  deck  too 
close  to  the  funnel,  by  a  party  of  journeymen  painters  who  were 
passengers.  This  steamer  was  also  on  her  first  voyage,  and  being 
newly  varnished,  the  flames  spread  over  her  buhvarks  and  extended 
the  whole  length  of  the  vessel  in  a  few  minutes. 

The  bulkheads  of  coal-holds  appear  to  admit  of  obtaining  consi- 
derable security  from  fire  by  being  constiiicted  double  w^here  close  to 
the  boiler,  with  a  sheet  of  air  between  the  two  partitions.  The 
tendency  of  coals  to  spontaneous  ignition  is  increased  by  a  modera  e 
heat,  such  as  that  of  the  engine-room,  from  which  they  would  be 
protected  by  the  double  partition.  I  have  obtained  instances  where 
coals  took  fire  in  a  factory,  on  two  different  occasions,  by  being 
heaped  for  a  length  of  time  against  a  heated  wall,  of  which  the  tem- 
perature could  be  supported  by  the  hand  ;  also  of  coals  igniting  after 
some  days  upon  stone  flags  covering  a  flue,  of  w^hich  the  temperature 
was  not  known  to  rise  above  150°,  and  of  coals  showing  indications 
of  taking  fire  by  being  thrown  in  bulk  over  a  steam  pipe.  These 
were  Lancashire  coals,  which  are  highly  sulphureous ;  but  the  same 
accident  occurred  with  AVallsend  coals,  at  the  Chartered  East  Com- 
pany's works  in  London,  where  the  coals  were  twice  ignited  through 
a  two-feet  brick  wall,  of  which  the  temperature  was  believed  by  Mr. 
CroU  not  to  exceed  120°  or  140°. 

The  surface  of  deal  in  the  partition  opposed  to  the  boiler  would 
probably  be  better  protected  from  fire  by  impregnating  the  wood  with 
a  saline  solution,  which  diminishes  combustibility,  such  as  the  zinc 
solution  of  Sir  W.  Burnett,  rather  than  by  coating  the  wood  on  the 
side  next  the  boiler  with  sheet  iron.  Lidecd,  this  use  of  iron  appears 
to  introduce  a  new  danger.  The  iron  being  a  good  conductor  of 
heat,  the  wood  below  is  heated  nearly  as  much  as  if  uncovered,  and 
wood  in  contact  with  iron  appears  to  be  brought  by  repeated  heating 
to  an  extraordinary  degree  of  combustibility,  and  to  become  peculiarly 
liable  to  spontaneous  ignition. 

Mr.   Braidwood,  who  has  been  led  to  that  conclusion,  gave  an 
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instance  of  wood  covered  by  sheet  iron  igniting  spontaneously  in  a 
wadding  manufactory.  The  numerous  occasions^  also^  on  which  wood 
and  paper  have  been  ignited  by  Perkins'  heated  water-pipes^  equally 
exem[)lify  the  dangerous  consequences  which  may  arise  from  mode- 
I'ately  heated  iron  in  long  contact  with  combustible  matter. 

The  most  obvious  precautions  for  guarding  against  the  sponta- 
neous ignition  of  coal  stowed  in  ships'  bunkers  appear  to  be  the 
taking  the  coal  on  board  in  as  dry  a  condition  as  possible,  and  the 
turning  it  over,  if  there  is  room  for  doing  so,  as  soon  as  the  first 
symptom  of  heating  is  perceived.  An  obnoxious  vapour  is  described 
as  always  preceding  the  breaking  out  of  the  tire,  and  affords  warning 
of  the  danger.  The  ignition  of  Newcastle  coals  in  store  is  not  an 
unfrequent  occurrence  at  the  London  gas-works.  It  appears  always 
to  begin  at  a  single  spot,  and  is  met  by  cutting  down  upon  and 
removing  at  once  the  heated  coals.  Long  iron  rods  are  placed 
upright  in  the  coal  heap,  which  can  be  pulled  out,  and  indicate  by 
their  w^armth  the  exact  situation  of  the  fire.  Steam  can  be  of  little 
avail  for  extinguishing  fire  among  coals  in  bulk ;  and  water,  although 
it  may  extinguish  the  fire  for  the  time,  is  too  apt  to  induce  a  recur- 
rence of  the  evil. 

For  extinguishing  a  fire  occurring  in  berths  or  cabins  in  the  im- 
mediate vicinity  of  the  boiler  and  engine-room,  steam  might  be  more 
advantageously  applied,  means  of  turning  on  the  steam  being  pro- 
vided upon  the  upper  deck,  or  other  distant  place  of  safety.  Steam, 
however,  can  only  be  said  to  be  efficient  in  extinguishing  flame,  or  a 
blaze  from  light  objects,  and  is  not  to  be  relied  upon  beyond  an  early 
stage  of  a  fire.  Upon  a  mass  of  red-hot  cinders  the  extinguishing 
effect  of  steam  is  insensible. 

An  essential  condition  of  applying  steam  with  success  to  the 
extinction  of  a  fire  in  the  engine-room,  would  be  to  prevent  the  rapid 
ingress  and  circulation  of  air  at  the  same  time,  which  is  occasioned  by 
the  draught  of  the  fires.  This  could  only  be  done  completely  by 
valving  the  chimneys  :  for  the  quantity  of  heated  air  passing  off  by 
the  funnels  greatly  exceeds  in  volume  the  steam  produced  by  the 
boilers  in  the  same  time,  and  would  rapidly  convey  away  the  steam 
thrown  into  the  atmosphere  of  the  engine-room,  and  prevent  any 
possible  advantage  from  it. 

The  fire  in  the  '  Amazon'  appeared  to  the  witnesses  to  take  its  rise 
either  in  the  small  oil  store-room  situated  over  the  boiler,  or  in  a 
narrow  space  of  from  three  to  eleven  inches  in  width  between  a  bulk- 
head and  the  side  of  the  boiler,  immediately  under  the  same  store- 
room. No  substance  remarkable  for  spontaneous  ignition,  such  as 
oiled  cotton  waste,  was  actually  observed  in  the  store-room  or  the 
space  referred  to.  The  wood  itself  of  the  bulkhead,  which  was  w'ithiu 
a  few  inches  of  the  boiler,  may  have  been  highly  dried  and  sensibly 
heated  by  its  proximity  to  the  latter,  but  is  not  likely  to  have  acquired 
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any  tendency  to  s]iontaneous  ignition  ;  for  when  that  property  results 
from  low  heating,  it  is  an  effect  of  tirae^  requiring  weeks  or  months 
to  develop  it.  The  same  observation  applies  to  the  decks  in  con- 
tact with  the  steam-chest  which  incased  the  base  of  the  funnel. 

Nor  does  it  appear  probable  that  the  coals  in  the  coal-hold  of  the 
vessel  gave  occasion  to  the  fire  by  heating  of  themselves,  and  then 
burning  through  the  wooden  partition  of  the  oil-store  with  which 
thev  were  in  contact. 

These  coals  were  from  Wales,  and  not  remarkable  for  this  pro- 
perty. 

They  are  also  said  to  have  been  shipped  in  a  dry  and  dusty  state, 
and  not  damp,  a  month  or  two  previously. 

Their  ignition  would  also  have  been  preceded  by  the  strong  odom- 
before  referred  to,  which  does  not  appear  to  have  been  remarked, 
although  the  coal-hold  communicated  directly  with  the  boiler-room. 

Oil  was  seen  to  drop  from  the  floor  of  the  store-room  upon  the 
top  of  the  boiler,  but  not  in  greater  quantity  than  might  be  acci- 
dentally spilt  in  drawing  the  oil  from  the  tank  for  the  use  of  the 
engineers. 

A  parcel  of  twenty-five  newly-tarred  coal-sacks,  which  had  been 
thrown  upon  the  boiler,  also  obtained,  it  is  supposed,  some  of  the 
same  oil.  This  oil  appears  to  be  the  matter  most  liable  to  the  possi- 
bility of  spontaneous  ignition,  which  was  noticed  near  the  spot  where 
the  fire  commenced. 

But  the  sudden  and  powerful  burst  of  flame  from  the  store-room, 
which  occurred  at  the  very  outset  of  the  conflagration,  suggests 
strongly  the  intervention  of  a  volatile  combustible,  such  as  turpen- 
tine, although  the  presence  of  a  tin  can  of  that  substance  in  the 
store-room  appears  to  be  left  uncertain.  It  was  stated  to  be  there 
by  two  witnesses,  but  its  presence  is  denied  by  a  third  witness.  I 
find  upon  trial,  that  the  vapour  given  otf  by  oil  of  turpentine  is 
sufficiently  dense,  at  a  temperature  somewhat  below  ]  10°,  to  make 
air  explosive  upon  the  approach  of  a  light.  Any  escape  of  turpentine 
from  the  heated  store-room  would  therefore  endanger  a  spread  of 
flame,  by  the  vapour  communicating  with  the  lamps  burning  at  the 
time  in  the  boiler-room,  or  even  with  the  fire  of  the  furnaces. 

The  fire  appears  not  to  have  begun  in  the  tarred  sacks  lying  upon 
the  boiler,  although  from  their  position,  which  was  close  to  the 
store-room,  they  must  have  been  very  early  involved  in  the  confla- 
gration, and  contributed  materially  to  its  intensity.  The  sacks 
appear  to  have  been  charged  each  with  about  two  pounds  of  tar, 
thus  furnishing  together  fifty  pounds  of  that  substance,  in  a  condition 
the  most  favourable  that  can  be  imagined  for  rapid  c(mibustion. 
The  freshness  of  the  tar  and  its  high  tem])erat\ire  would  nuike  it 
ignite  by  the  least  spark  of  Hiune,  altliougli  uot  prone  to  spon- 
taneous  ignition.     The  buriung  of  a  giouj)  of  newly-tarred  cottages 
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in  Deptford,  which  came  under  the  notice  of  Mr.  Braidwood,  arose 
from  their  being  set  on  fire  by  lightning,  while  the  sun  was  shining 
upon  them,  and  the  tav  liquefied  by  the  heat. 

The  origin  of  the  fire  must  remain,  I  believe,  a  subject  of  specula- 
tion and  conjecture;  but  the  extreme  inten^5ity  and  fearfully  rapid 
spread  of  the  combustion  are  circumstances  of  scarcely  inferior  inte- 
rest, which  are  not  involved  in  the  same  obscurity. 

The  timber  of  the  bulkheads  and  decks  near  the  engine-room  is 
repoi'ted  to  have  been  of  Dantzic  red  wood  or  Riga  pine,  and  such 
was  the  character  of  a  portion  of  the  Amazon's  timber  which  was 
supplied  to  me  for  chemical  examination.  The  wood  has  had  its 
turpentine  drawn  off,  and  differs  in  that  respect  from  pitch  yAue. 
The  Dantzic  red  wood  is,  in  consequence,  less  combustible  than  pitch 
pine,  but  more  porous  and  spongy.  Oil-paint  is  absorbed,  and  dries 
more  quickly  upon  this  porous  wood  than  upon  oak  and  other  dense 
woods.  After  their  paint  is  well  dried,  pine  and  other  woods 
certainly  acquire  from  it  some  protection  from  the  action  of  feeble 
and  transient  flames,  which  might  kindle  the  naked  wood.  But 
the  effect  of  paint,  especially  of  fresh  paint,  appears  to  be  quite 
the  reverse,  when  the  wood  is  exposed  to  a  strong  although  merely 
passing  burst  of  flame.  The  paint  melts  and  emits  an  oily  vapour 
which  nourishes  the  flame,  and  soon  fixes  it  upon  the  wood.  There 
can  be  no  doubt,  therefore,  that  the  timber  of  the  'Amazon'  was 
in  a  more  inflammable  state  than  ship-timber  usually  is,  from  being 
recently  painted,  and  also  probably  from  its  newness  and  compara- 
tive dryness. 

But  the  circumstance  which  appears  above  all  others  to  give  a 
character  to  the  fire  in  the  '  Amazon'  was  its  occui'rence,  not  in  a 
close  hold  or  cabin,  but  in  a  compartment  of  the  vessel  where  a 
vigorous  circulation  of  air  is  maintained  by  the  action  of  the  boiler- 
fires  and  their  chimneys.  The  air  of  the  engine-room  must  be 
renewed  under  this  influence  every  few  minutes,  and  would  be  so 
although  full  of  flames  rising  above  deck  through  the  hatchways; 
for  a  portion  of  these  flames  would  always  escape  by  the  funnels, 
and  add  to  their  aspirating  power  instead  of  diminishing  it.  The 
combustion  of  bulkheads  or  decks  once  commenced  in  this  situation 
W'Ould  therefore  be  fanned  into  activity  and  powerfully  supported. 

The  destruction  of  the  floor  of  the  oil  store-room,  and  the  over- 
turning, in  consequence,  of  the  oil-tanks  and  combustibles  into  the 
well  of  the  boiler-room,  was  probably  the  crisis  of  the  fire.  A  mass 
of  combustible  vapour  would  speedily  be  generated,  and  shot  about 
on  all  sides,  of  which  the  kindling  power  upon  the  new  and  painted 
timber  of  the  bulkheads  and  decks  would  be  wholly  irresistible. 

The  burning  of  the  '  Amazon'  impresses  most  emphatically  the 
dangei'ous  and  uncontrollable  character  of  a  fire  arising  in  the  engine 
or  boiler  room,   where  the  combustion  is  animated  by  a  steady  and 
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powerful  circulation  of  air,  and  the  danger  of  collecting  combustible 
matter  together  in  such  a  place.  The  removal  of  the  oil  stores  to  a 
safer  locality  is,  fortunately,  generally  practicable,  and  is  the  measure 
best  calculated  to  prevent  the  recurrence  of  any  similar  catastrophe. 

I  have  the  honour  to  remain,  &c.,  &c. 

Thos.  Graham. 

To  the  Lords  of  the  Committee  of 
Privy  Council  for  Trade. 


Contributions  to  the  knowledge  of  the  manufacture  of  Gas. 
By  £.  Fraukland,  Ph.D. 

(Read  before  the  Manchester  Literary  and  Philosophical  Society,  January  13,  1852.) 

(abstracted  by  the  author.) 

The  constituents  of  purified  gas,  as  used  for  illuminating  purposes, 
are  hydrogen,  light  carburetted  hydrogen,  carbonic  oxide,  olefiant  and 
other  gases  having  the  general  formula  C„  H,j,  the  vapours  of  hydro- 
carbons of  the  form  C^  H^.g,  and  other  hydrocarbons,  the  formulae 
of  which  are  unknown;  in  addition  to  these,  coal-gas  usually  contains 
small  quantities  of  nitrogen,  oxygen,  and  bisulphide  of  carbon  vapour; 
but  these,  for  our  present  purpose,  may  be  entirely  disregarded. 

It  has  always  been  asserted,  that  hydrogen  and  carbonic  oxide 
possess  no  illuminating  power,  and  that  the  light  emitted  by  coal- 
gas  is  due  to  light  carburetted  hydrogen,  olefiant  gas,  and  other 
hydrocarbons ;  I  hope,  however,  to  prove,  by  the  experiments  detailed 
below,  that  light  carburetted  hydrogen  is,  for  all  practical  purposes, 
also  entirely  devoid  of  illuminating  power ;  and  that  therefore  the 
whole  of  the  light  giving  effect  is  due  to  the  olefiant  gas  and  hydro- 
carbons. This  is  an  important  point,  as  we  shall  find  that  it  much 
simplifies  the  estimation  of  the  illuminating  power  of  any  gas,  and 
teaches  us  that  the  nature  of  the  combustible  diluents  of  the  olefiant 
gas  and  hydrocarbons  has  no  effect  whatever  upon  the  quantity  of 
light  emitted  by  the  mixture. 

The  constituents  of  coal-gas  may  therefore  be  divided  into  two 
classes,  viz.,  illuminating  and  non-illuminating  constituents.  To  the 
first  will  belong  olefiant  gas  and  the  other  hydrocarbons  above- 
mentioned  ;  and  to  the  second,  hydrogen,  light  carburetted  hydrogen, 
and  carbonic  oxide.  To  the  first  class  alone  the  illuminating  j)ower  of 
the  gas  is  due ;  but  one  member  at  least  of  the  second  class  is  also 
indispensable  as  a  diluent,  without  which  we  should  find  great  diflS- 
ciilty  in  consuming  the  hydrocarbons  without  the  production  of 
much  smoke.  The  members  of  the  first  class  are  all  decomposed  at 
a  white  heat  instantaneously,  at  a  red  heat  more  slowly,  depositing 
the  whole,  or  the  greater  part  of  their  carbon  in  the  Ibrm  of  very  fine 
particles,  which  become  so  many  centres  for  the  radiation  of  light  in  a 
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gas  flame  ;  and  the  greater  the  number  of  particles  existing  in  a  flame 
at  the  same  time,  the  greater  will  be  the  light  emitted  by  that  flame. 
It  is  therefore  evident,  that  the  value  of  these  hydrocai'bons  for  the 
production  of  light,   depends  directly  upon  the  quantity  of  carbon 
contained  in  a  given  volume,  and  is  altogether  independent  of  the 
hydrogen    with    which   this  carbon   is   combined ;   consequently,  the 
densest  or  most  easily  condensible  of  these  gases  and  vapours  of  the 
first  class  are  those  which  possess  the  highest  illuminating  power. 
All  the  compounds   belonging  to  this  class  are,   as  before   stated, 
decomposed  more  or  less   rapidly  at   a  red  heat;  in  the  ordinary 
process  of  gas-making,  the  interior  walls  of  the  retorts  soon  become 
coated  with  a  stratum  of  carbon  derived  from  this  source.     Now  the 
extent  of  this  decomposition  must  depend,  first  upon  the  length  of 
time    during  which  they  are  exposed  to  the  heated  materials,   and 
secondly  upon  the  number  of  particles  which  are  in  contact  with  the 
red-hot  surface ;  consequently,   it  will  be  diminished,    first,   by   re- 
moving the  gases  rapidly  from  the  retort,  and  secondly,  by  the  mixture 
of  the  illuminating  constituents  with  the  non -illuminating  ones:  for  it 
is  evident,  that  the  number  of  particles  of  olefiant  gas  in  contact  with 
a  given  surface,  would  only  be  half  so  great  if  this  gas  were  diluted 
with  an  equal  volume  of  hydrogen,  as  it  would  be  without  such  an 
admixture.     Besides  the  use  of  the  second  class,  or  non-illuminating 
gases,  which  has  been  already  stated,  they  are  of  value  as  forming  a 
medium  for  the  solution  of  the  vapours  of  such  hydrocarbons  as  exist 
in  the  liquid  or  even  solid  state,   at  the  ordinary  temperature  of  the 
atmosphere ;  and  they  thus  enable  us  to  convert  an  additional  quantity 
of  illuminating  materials  into  the  gaseous  form,  which  they  retain 
permanently  unless   the  temperature  fall  below  the  point  of  satu- 
ration.    The  gain  in  illuminating  power  which  is  thus  obtained,  will 
be  perhaps  better  seen  from  the  following  example.     If  100  cub.  in. 
of  olefiant  gas,  being  allowed  to  saturate  itself  with  the  vapour  of  a 
volatile  hydrocarbon  containing  three  times  the  amount  of  carbon  in 
a  given  volume  of  its  vapour  as  that  contained  in  an  equal  volume  of 
olefiant  gas,  took  up,  or  dissolved  in  this  way  3  cub.  in.  of  hydro- 
carbon vapour,  then,  if  we  express  the  value  in  illuminating  power 
of    1   cub.   in.  of  olefiant   gas  as  unity,  the  illuminating  power  of 
the   103   cub.  in.  of  the  mixture  of  olefiant   gas   and  hydrocarbon 
vapour    will    be    109;    now,    if    we    mix   these    103  cub.   in.    with 
100   cub.   in.   of  hydrogen,    the    mixture  will   be   able    to   take  up 
an  additional  3  cub.  in.   of  the   hydrocarbon  vapour,   and  the  illu- 
minatnig   power  of  the  206  cub.   in.  w'iil  then  become  118.     Thus 
the    hydrogen    produces    a    gain    in    illuminating   power   equal    to 
9  cub.  in.  of  olefiant  gas,  or   nearly  4*5  per   cent    upon  the  total 
volume    of   mixed    gases.        When    we    consider    that    coal-naphtha 
contains  hydrocarbons  of  great  volatility,  and  which  are  no   doubt 
the  surplus  remaining  after  the  saturation   of  the  gas  from  which 
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they  have  condensed,  the  importance  of  this  function  of  the  non- 
illuminating  class  of  combustible  gases  will  be  sufiBciently  evident. 
I  may  here  remark,  that  incombustible  gases  could  not  be  employed 
for  this  purpose,  since  their  cooling  influence  upon  the  flame  during 
the  subsequent  burning  of  the  gas  would  diminish  the  light  to  a 
far  greater  extent  than  the  hydrocarbon  vapour  could  increase  it. 
It  is  evident,  that  all  the  three  non-illuminating  gases  forming  the 
second  class,  would  perform  both  the  offices  I  have  assigned  to  them 
equally  well ;  and  therefore  we  have  as  yet  seen  no  reason  for  giving 
our  preference  in  favour  of  any  one  of  these  diluen4^s.  If,  however,  we 
study  their  behaviour  during  combustion,  we  shall  find,  that  where 
the  gas  is  to  be  used  for  illuminating  purposes,  hydrogen  has 
qualities  which  give  it  a  very  decided  preference  over  the  other 
two.  When  gas  is  used  for  lighting  the  interior  of  public  buildings 
and  private  houses^  it  is  very  desirable  that  it  should  deteriorate  the 
air  as  little  as  practicable,  or  in  other  words,  it  should  consume  as 
small  a  quantity  of  oxygen,  and  generate  as  little  carbonic  acid  as 
possible ;  the  oppressive  heat  which  is  often  felt  in  apartments  lighted 
with  gas  also  exemplifies  the  great  advantage  of  its  generating  a 
minimum  amount  of  heat. 

1  cub.  ft.  of  light  carburettcd  hydrogen  at  G0°  F.,  and  30  in.  Bar., 
consumes  2  cub.  ft.  of  oxygen  during  its  combustion,  and  generates 
1  cub.  ft.  of  carbonic  acid,  yielding  a  quantity  of  heat  capable  of 
heating  5  lbs.  14  oz.  water  from  32°  to  212°. 

1  cub.  ft.  of  carbonic  oxide  consumes  |  a  cub.  ft.  of  oxygen, 
generates  1  cub.  ft.  of  carbonic  acid,  and  afibrds  heat  capable  of 
raising  the  temperature  of  1  lb.  14  oz.  of  w^ater  from  32°  to  212°. 

1  cub.  ft.  of  hydrogen  consumes  h  a  cub.  ft.  of  oxygen,  generates 
no  carbonic  acid,  and  yields  heat  capable  of  raising  the  temperature 
of  only  1  lb.  13  oz.  water  from  32°  to  212°. 

Thus,  light  carburettcd  hydrogen  is  very  objectionable  as  a 
dducnt,  not  only  on  account  of  the  carbonic  acid  which  it  gene- 
rates, and  the  large  quantity  of  oxygen  it  consumes,  but  also  by 
reason  of  the  very  great  amount  of  heat,  which  in  relation  to  its 
volume  it  evolves  on  combustion,  the  absolute  thermal  effect  being 
more  than  three  times  as  great  as  that  of  either  of  the  other  gases. 
The  quantity  of  heat  evolved  by  the  combustion  of  equal  volumes  of 
carbonic  oxide  and  hydrogen  is  nearly,  and  the  amount  of  oxygen 
consumed,  quite  the  same,  but  the  quantity  of  carbonic  acid 
evolved  by  tlie  first  gives  a  decided  preference  to  hydrogen  as  the 
best  diluent. 

The  same  comparison  also  shows,  that  where  the  gas  is  to  be 
used  for  heating  purposes,  and  the  products  of  combustion  are 
carried  away,  light  carburettcd  hydrogen  is  by  far  the  best  diluent. 

The  experiments   of  Pulong  on   the    absolute  thermal   effect   of 
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hydrogen,  light  carburetted  hydrogen,  and  carbonic  oxide  are  taken 
as  the  basis  of  the  foregoing  calculations. 

These  remarks  indicate  the  objects  that  should  be  chiefly  regarded 
in  the  generating  department  of  the  manufacture  of  gas  for  illu- 
minating purposes  :  these  are 

1.  The  formation  of  a  due  proportion  of  illuminating  and  non- 
illuminating  constituents,  so  that  on  the  one  hand,  the  combustion  of 
the  gas  shall  be  perfect,  and  without  the  production  of  smoke  or 
unpleasant  odour,  and  on  the  other,  the  volume  of  gas  required  to 
produce  a  certain  amount  of  light  shall  not  be  too  great. 

2.  The  extraction  of  the  largest  possible  amount  of  gaseous  illu- 
minating compounds  from  a  given  weight  of  material. 

3.  The  presence  of  the  largest  possible  proportion  of  hydrogen 
amongst  the  non-illuminating  constituents,  to  the  exclusion  of  light 
carburetted  hydrogen  and  carbonic  oxide,  so  as  to  produce  the  least 
amount  of  atmospheric  deterioration  in  the  apartments  in  which  the 
gas  is  consumed. 

I  have  not  introduced  these  preliminary  observations  to  show  the 
inductive  reasoning  by  which  the  process  of  gas-making  described 
below  was  arrived  at,  for,  I  believe  that,  so  far  as  these  considerations 
are  concerned,  that  process  was  accidentally  adopted;  but  I  bring 
them  forward  to  illustrate  and  explain  the  principles  involved  in  it, 
and  also  to  show  that  a  close  study  of  the  chemistry  of  gas-manu- 
facture would  have  led  to  the  discovery  of  this  more  philosophical 
method  of  gas -generation  long  ago. 

Various  attempts  have  been  made  to  estimate  the  illuminating 
power  of  coal  and  other  gases  from  the  analytical  results  they  yield, 
but  hitherto  no  certain  method  of  accomplishing  this  has  been  esta- 
blished. Dr.  Henry  regarded,  and  not  unjustly,  the  consumption  of 
oxygen  by  a  given  volume  of  gas  to  be  a  rough  estimation  of  its 
illuminating  power  j  but  it  is  evident,  that  although  generally  those 
gases  which  have  the  highest  illuminating  power  consume  most 
oxygen,  yet  this  is  not  always  the  case  ;  for  a  gas  containing  10  per 
cent  of  oleiiant  gas,  20  per  cent  of  light  carburetted  hydrogen,  and 
70  per  cent  of  hydrogen,  would  consume  much  less  oxygen  during 
combustion,  than  one  containing  only  5  per  cent  of  olefiant  gas,  and 
in  which  the  proportion  of  light  carburetted  hydrogen  and  hydrogen 
were  reversed,  although  its  illuminating  power  would  be  twice  as 
great. 

It  will  be  seen  from  what  has  been  already  said  respecting  the 
illuminating  power  of  carbo-hydrogens,  that  the  more  dense  these  are, 
the  greater  does  that  illuminating  power  become.  This  important 
fact  was  first  pointed  out  in  reference  to  coal-gas,  by  Mr.  Leigh,* 
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who  was  also  the  first  to  make  an  approach  towards  estimating  the 
illuminating  power  of  gas  from  its  analysis.  Mr.  Leigh  regards  the 
illuminating  power  of  coal-gas  as  due  to  light  carburetted  hydrogen, 
olefiant  gas,  and  hydrocarbons,  and  that  the  value  of  the  latter  is 
directly  proportional  to  the  quantity  of  oxygen  required  for  their 
combustion.  If  we  leave  the  light  carburetted  hydrogen  entirely  out 
of  the  calculation,  as  I  shall  prove  that  this  gas  has  practically  no 
illuminating  power,  this  method  generally  gives  results  not  far  from 
the  truth,  but  which  are  nevertheless  liable  to  very  considerable  error, 
from  the  fact  that  the  amount  of  oxygen  consumed  does  not  depend 
alone  upon  the  luminiferous  ingredients  of  the  carbon,  but  also  upon 
the  amount  of  hydrogen  combined  with  that  element,  and  which  is 
necessarily  a  variable  quantity,  being  in  some  of  the  hydrocarbons  in 
the  proportion,  C  :  H  =  n  :  n;  in  others,  C  :  H  =  n  :  n  — 6  ;  and  in 
others  even,  C  :  H  =  n  :  n  — 10.  If,  however,  we  estimate  the  volume 
of  carbon  vapour  contained  in  the  luminiferous  hydrocarbons,  and  make 
that  the  basis  of  our  calculation,  we  avoid  this  source  of  error,  and 
obtain  a  correct  expression  for  the  illuminating  power,  however  much 
the  composition  of  the  hydrocarbons  may  vary.  I  have  already 
pointed  out  a  method  for  accomplishing  this;*  and  Mr.  Leigh,  in 
the  memoir  to  which  I  have  already  alluded,  also  describes  a  similar 
plan  which  he  employs  for  the  determination  of  the  consumption  of 
oxygen  by  these  bodies. 

The  method  which  I  have  adopted  in  the  annexed  experiments  is 
the  following  : 

A  known  quantity  of  the  gas  previous  to  the  action  of  sulphuric 
acid  is  exploded  with  an  excess  of  oxygen,  and  the  volume  of  carbonic 
acid  produced  accurately  noted.  Another  known  volume  of  the  same 
gas,  after  the  withdrawal  of  the  hydrocarbons  by  sulphuric  acid,  is 
then  similarly  exploded  with  oxygen,  and  the  carbonic  acid  formed 
also  estimated.  Thus  the  percentage  amount  of  hydrocarbons,  plus 
the  volume  generated  by  the  non-luminous  gases  alone,  being  known, 
it  is  easy  to  calculate  the  amount  of  carbonic  acid  generated  by 
T  volume  of  the  hydrocarbons.  Thus  if  we  designate  the  percentage 
of  hydrocarbons  absorbed  by  sulphuric  acid,  by  A,  the  volume  of 
carbonic  acid  generated  by  100  volumes  of  the  original  gas,  by  B,  the 
carbonic  acid  formed  by  the  residual  gas  after  absorption  of  hydro- 
carbons, by  C,  and  the  volume  of  carbonic  acid  generated  by  the 
combustion  of  1  volume  of  the  hydrocarbons  alone  by  X,  we  have  the 
following  equation  : 

X  =  C-B 
and  therefore  the  amount  of  carbonic  acid  generated  by  1  volume  of 
the  hydrocarbons  is  represented  by 

C-B 
A 

*  Chcm.  Soc.  Qu.  J.,  II.,  275. 
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but  as  one  volume  of  carbon  vapour  generates  one  volume  of  carbonic 
acid,  this  formula  also  expresses  the  quantity  of  carbon  vapour  in 
1  volume  of  the  lumiiiifcrous  constituents. 

For  the  purpose  of  comparison,  however,  I  represent  the  value  of 
these  hydrocarbons  in  their  equivalent  volume  of  olefiant  gas,  one 
volume  of  which  cODtains  2  volumes  of  carbon  vapour;  for  this 
purpose,  the  last  expression  need  only  be  changed  to 

C-B 
2A 

Thus,  if  a  gas  contains  10  per  cent  of  hydrocarbons,  of  which,  one 
volume  contains  3  volumes  of  carbon  vapour,  the  quantity  of  olefiant 
gas  to  v/hich  this  10  per  cent  is  equivalent,  will  be  15. 

The  illuminating  power  of  the  coal  gases  mentioned  below  has  also 
been  practically  tested  by  Bunsen's  photometer,  and  the  results  are 
corrected  to  those  which  would  have  been  obtained  by  using  a  sperm 
candle,  burning  120  grs.  per  hour;  and  one  of  these  candles,  burning 
for  ten  hours,  is  taken  as  the  standard  of  comparison  for  the  total 
quantity  of  light  yielded  by  a  given  volume  of  gas  ;  thus,  when  it  is 
stated  that  the  total  quantity  of  gas  produced  from  1  ton  of  coal  is 
equal  to  4816  candles,  it  is  intended  that  the  light  afforded  by  the 
gas  is  equal  to  that  yielded  by  4816  sperm  candles,  each  burning  10 
hours,  and  at  the  rate  of  120  grs.  per  hour. 

The  following  experiments,  which  I  lately  made  at  the  request  of 
two  merchants  of  this  town,  upon  a  new  process  of  gas-making, 
known  as  White's  hydrocarbon  process,  serve  to  illustrate  the  prin- 
ciples laid  down  in  the  preceding  pages. 

Mr.  White's  process  consists  essentially  in  the  generation  of 
non-illuminating  combustible  gases  by  the  action  of  steam  upon 
charcoal,  coke,  or  other  substances,  in  a  separate  retort,  and  the 
introduction  of  these  gases,  along  with  an  excess  of  watery  vapour, 
into  the  retort  in  which  the  illuminating  gases  arc  being  generated, 
and  in  such  a  manner,  that  these  latter  gases  shall  be  swept  out  of  the 
retort  as  rapidly  as  possible,  and  removed  from  the  destructive 
influence  of  a  high  temperature.  The  excess  of  steam  accompanying 
the  water-gases  into  the  second  retort,  performs  there  a  remarkable 
office ;  it  reacts  upon  the  tar  and  fuliginous  matter  in  a  manner  that 
will  be  described  below,  and  gives  rise  to  the  formation  of  a  great 
additional  quantity  of  gas,  a  very  large  proportion  of  which  is  pure 
hydrogen.  That  this  reaction  of  the  steam  should  be  confined 
entirely  to  the  tar  and  other  refuse  matters,  and  should  not  affect  the 
luminiferous  gases  generated  in  the  same  retort  is  scarcely  con- 
ceivable, since  the  constitution  of  tar  and  gaseous  hydrocarbons  is  so 
nearly  alike  ;  yet  any  destruction  of  illuminating  principles  that  may 
be  thus  caused,  is  immensely  overbalanced  by  the  quantity  of  these 
principles,  which  are  saved  from  decomposition  by  their  rapid  removal 
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from  the  influence  of  a  high  temperature,  and  by  the  vapours  of 
volatile  hydrocarbons  with  which  the  water-gases  remain  more  or  less 
saturated. 


white's  process  applied  to  resin, 
i.  practical  results. 


1st  Exp. 

2nd  Exp. 

3rd  Exp. 

4th  Exp. 

Average. 

Gas  produced  per  ton 
of  resin     . 

Resin-oil  produced  per 
ton  of  resin 

Coal  consumed  in  heat- 
ing retorts 

Charcoal  for  water-gas 

Water  used 

26000  cbc.  ft. 

88  9  galls. 

1396  lbs. 

S.S   „ 

606  „ 

28i20cbc.  n. 

64  galls. 

1396  lbs. 
100   „ 
639  „ 

36820  cbc.  ft. 

41-8  galls. 

1399  lbs. 
Ill    ,. 
790   „ 

29300  cbc.  ft. 

84-8  galls. 

1406  lbs. 

97   „ 

606   „ 

,30060  cbc.  ft. 

69-9  galls. 

1399  lbs. 

98   „ 
600  „ 

II.  ANALYTICAL  RESULTS. 
PERCENTAGE    COMPOSITION    OF    PURIFIED    GASES. 


1st  Exp. 

2nd  Exp. 

3rd  Exp. 

4th  Exp. 

Average. 

Olefiant  gas  and  hydrocarbons 
Light  carburetted  hydrogen    . 
Hydrogen      ..... 
Carbonic  oxide       .... 

8-27 
18-76 
42-03 
30-93 

7-94 
45-06 
37-59 

9-41 

7-78 
22-79 
50-27 
19-16 

8-53 
32-25 
43-62 
15-60 

8-13 
29-71 
43-38 
18-78 

100-00 

100-00 

100-00 

100-00 

100-00 

ILLUMINATING  VALUE  OF  OLEFIANT  GAS  AND   HYDROCARBONS  EXPRESSED 
IN   EQUIVALENT  QUANTITY   OF  OLEFIANT  GAS. 


1st.  Experiment. 
11-58  per  cent. 


2nd  Experiment. 


11-11  per  cent. 


3rd  Experiment. 


10-89  per  cent. 


4th  Experiment. 


11-94  per  cent. 


Average. 
11-38  per  cent. 


WHITE  S    PROCESS    APPLIED    TO    COALS    AND    CANNELS. 

In  order  to  obtain  a  fair  comparison  of  the  results  yielded  by  the 
various  coals  when  distilled  alone  (as  in  the  usual  process  of  gas- 
making)  with  those  obtained  from  the  same  coals  when  treated  with 
water-gas  according  to  the  hydrocarbon  process,  each  coal  was 
distilled  first  by  itself,  and  then  with  the  addition  of  water-gas,  equal 
weights  being  used  for  each  exi)erimcnt. 
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I.   PRACTICAL  RESULTS. 


Cubic  feet  of  gas 
per  ton. 

Iliuininating 
power  per  ton  in 
sperm  candles. 

Gain  per  ton  by  White's 
process. 

Gain  per  cent  by 
White's  process. 

Name  of  coal. 

By  old 
process. 

By 

White's 
process. 

By  old 
process. 

By 

White'^ 
proces^^ 

Quantity  of 

gas  ill  cubic 

feet. 

Wigan  cannel  (Inct 

Hall)     . 
Wigan    ditto    (Bal 

Carres)  . 
Boghead  cannel  . 
Ditto,  2nd  exp. 
Lesmahago  cannel 
Methyl  cannel 

10,900 

10,440 
13,240 

"10,626" 
9,500 

16,120 

15,.500 
38,160 
51,720 
29,180 
26,4e0 

4,816 

4,156 
11,340 

"'7,6'26' 
5,316 

6,448 

5,920 
21,368 
20,688 
13,934 
11,088 

5.220 

5.060 
24.920 
38,480 
18,5«0 
16,840 

1.632 

1,764 
10,023 
9,378 
6,314 
5,772 

479 

48-5 
178-2 
290-6 
174-8 
170-2 

33-9 

42-4 
88-4 
82-4 
82-8 
108-6 

QUANTITY  OF  COAL  OR  CAXNEL  REQUISITE  FOR  PRODUCING  LIGHT  EQUAL 

TO    1000    SPERM   CANDLES,    EACH    BURNING   TEN   HOURS,    AT  THE   RATE   OF 

120  GRS.   PER  HOUR. 


Name  of  coal. 

Weight 

of  coal. 

By  old  process. 

By  White's  process. 

Wigan  cannel  (Ince  Hall) 

Wigan  cannel  (Balcarres) 

Bogliead  cannel     ..... 

Lesmahago  cannel          .... 

Methyl  cannel 

Newcastle  coal  (Pelton) 

4G5-llbs. 
5390    „ 
1975    „ 
293-9    „ 
443-9    „ 
745-7    „ 

347-4  lbs. 
378-4    „ 
104-8   „ 
160-7    „ 
396-7    „ 

II.  ANALYTICAL  RESULTS. 
PERCENTAGE  COMPOSITION  OF  GASES. 


Wigan  cannel 
(Ince  Hall). 

Boghead  cannel. 

Lesmahago 
cannel. 

Methyl  canuel. 

Pelton 
coal. 

By  old 
process. 

By  new 

process 

By  old 
process. 

By  new     By  old 
process.!  process. 

By  new 

process. 

By  old 
process. 

By  new 
process. 

By  old 
process. 

Hydrocarbons  and 
olefiant  gas  .     . 

Light  carburetted 
hydrogen       .     . 

Hydrogen    .     .     . 

Carbonic  oxide     . 

Carbonic  acid  .     . 

10-81 

41-99 

35-94 

10  07 

1-19 

10-55 

27-20 
47-39 
14-86 
0-00 

24-50 

58-.'!8 
10-54 
6-58 
0-00 

14-12 

22'25 
45-61 
14-34 
3-78 

16-31 

4201 

26-84 

14-18 

■66 

10-89 

18-94 

55  09 

15-02 

•06 

14-48 

38-75 

33-32 

13-40 

•05 

11-06 

22-89 

45  58 

20  44 

-03 

3-87 

32-87 

50-05 

12-89 

-32 

100-00 

10000 

100-00 

100-00 

100-00 

100-00 

10000 

100-00 

100-00 

ILLUMINATING  VALUE  OF  OLEFIANT  GAS  AND   HYDROCARBONS  EXPRESSED 
IN    EQUIVALENT    QUANTITY    OF  OLEFIANT  GAS. 


Wigan 
cannel,  by 
old   pro- 
cess. 


per  cent,     percent. 
16-13  13-72 


Wigan 
cannel,  by 
new  pro- 
cess. 


Boghead 
cannel,  by 
old  pro- 
cess. 


per  cent. 
31-11 


Boghead 
cannel,  by 
new  pro- 
cess. 


percent. 
19-84 


Lesmaha. 

go  cannel, 

by  old 

process. 


per  cent. 

28-30 


Lesmaha- 
go cannel, 
by  new 
process. 


aiethyl        Methyl 

cannel,  by  cannel,  by 

old  pro-     new  pro 

cess.  cess. 


per  cent,     per  cent. 
19-05  18-53 


per  cent. 
14-04 


Pelton 
coal,  by 
old  pro- 
cess. 


per  cent. 

7-16 
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The  foregoing  results  bring  to  light  several  circntnstances  highly 
favoiirable  to  the  hydrocarbon  process  of  gas-raalcing,  which  could 
scarcely  have  been  predicted  previous  to  the  actual  trials  being  made. 
The  first,  and  most  important  of  these,  is  the  disappearance  of  the 
carbonic  acid  contained  in  the  water-gas,  during  its  passage  through 
the  coal  retort ;  this  disappearance  is  so  complete,  that  the  resulting 
gaseous  mixture  actually  contains  a  much  smaller  percentage  than 
does  the  gas  obtained  by  the  distillation  of  the  coal  alone.  There  is 
little  doubt  that  this  removal  of  the  carbonic  acid  depends  upon  its 
conversion  into  carbonic  oxide  by  the  carbonaceous  matters  in  the  coal 
retort ;  and  of  these,  the  coke  is  probably  the  most  active,  since  the 
volatile  matters  do  not  differ  materially  from  those  produced  during 
the  distillation  of  resin ;  and  these  we  have  seen  fail  to  remove  the 
acid  gas. 

Another  favourable  circumstance  occurring  in  the  process,  consists 
in  the  relatively  small  quantity  of  carbonic  oxide  that  is  produced.  A 
large  proportion  of  this  gas  would  be  equally  objectionable  with  a 
high  percentage  of  light  carburctted  hydrogen,  on  account  of  the 
quantity  of  carbonic  acid  formed  during  its  subsequent  combustion. 
A  reference  to  the  composition  of  the  foregoing  gases  shows  us,  how- 
ever, that  in  all  cases,  the  amount  of  carbonic  acid  generated  is  less 
than  that  formed  by  the  combustion  of  an  equal  volume  of  the  gas 
obtained  from  the  same  coals  by  the  ordinary  process  of  manufacture, 
and  in  some  cases  it  is  even  less  than  that  produced  by  a  pure  coal- 
gas-flame  giving  an  equal  light.  The  favourable  position  which  the 
hydrocarbon  gases  occupy  in  the  above  comparison,  would  not  have 
been  attained,  if  the  whole,  or  even  a  very  large  portion  of  the  water- 
gas  had  been  generated  in  the  charcoal  retort ;  for  when  water-gas 
alone  is  generated,  it  is  found  to  consist  of  hydrogen  and  carbonic 
oxide  mixed  with  quantities  of  carbonic  acid,  vaiying  from  0  to  15 
per  cent,  according  to  the  heat  employed  and  other  circumstances. 
When  the  percentage  of  the  acid-gas  is  0,then  the  volumes  of  hydrogen 
and  carbonic  oxide  are  equal ;  and  as  no  important  quantity  of 
carbonic  acid  was  ultimately  present  in  the  gases  produced  in  the 
foregoing  experiments,  the  whole  of  that  gas  entering  the  coal  retort 
must  be  converted  into  carbonic  oxide,  and  therefore  we  may  consider 
the  water-gas  entering  the  coal  retort  as  being  composed  of  equal 
volumes  of  hydrogen  and  carbonic  oxide.  Now,  if  the  increase  in  the 
total  quantity  of  gas  produced  by  the  application  of  the  hydi'ocarbon 
process  to  any  given  coal  or  cannel,  were  due  only  to  the  water-gas 
formed  in  the  charcoal  retort,  it  is  obvious  that  the  gain  in  carbonic 
oxide  ought  to  be  equal  to  the  gain  in  hydrogen  ;  but  a  glance  at  the 
analytical  results  shows  that  this  is  far  from  being  the  case.  Thus, 
for  instance,  with  Boghead  gas,  the  proportion  is 

Gain  in  II  :   train  in  CO  =  3  -5:1 
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and  with  Lesmahago  cannel, 

Gain  in  H  :  gain  in  CO  =  4  '6:1 

It  is  therefore  evident  that  a  large  quantity  of  water-gas  must  be 
generated  by  the  action  of  steam  upon  the  carbonaceous  materials  in 
the  coal  retort,  and  that  this  water-gas  contains  a  very  much  greater 
percentage  of  hydi'ogen  than  that  produced  in  the  charcoal  retort. 
Although  we  are  not  yet  sufficiently  acquainted  with  the  action  of 
watery  vapour  upon  organic  substances  at  high  temperatures,  to  state 
positively  the  cause  of  this  excess  of  hydrogen,  yet  there  can  be  little 
doubt  that  it  is  derived  from  the  action  of  steam  upon  the  hydro- 
carbons of  the  tar.  For,  as  watery  vapour  in  acting  upon  carbon 
transfers  its  oxygen  to  that  element,  forming  carbonic  oxide  and  an 
equal  volume  of  hydrogen,  so  also  when  steam  acts  upon  a  compound 
of  carbon  and  hydrogen,  it  produces  carbonic  oxide,  but  in  doing  so, 
sets  at  liberty  not  only  its  own  hydrogen,  but  that  of  the  carbo- 
hydrogen  also ;  and  thus  the  volumes  of  hydrogen  and  carbonic  oxide 
remain  no  longer  equal,  but  the  volume  of  the  former  becomes  double, 
treble,  or  even  fourfold  that  of  the  latter. 

An  important  feature  in  the  history  of  a  gas  for  illuminating 
purposes,  is  its  behaviour  when  exposed  to  cold.  I  have  therefore 
submitted  several  of  the  above  gases  to  a  temperature  of  32'',  and 
carefully  ascertained  the  loss  of  volume  by  liquefaction  of  hydro- 
carbons. These  experiments,  as  might  be  expected,  show  that  the 
gases  made  by  the  new  process,  suffer  less  loss  by  this  refrigeration 
than  those  made  from  the  same  material  by  the  old  process. 


Name  of 

gas. 

Cubic  feet  of  hydrocarbons  condensed 

from  100  cubic  feet  of  gas,  on  expo- 

sure  to  a  cold  of  32°  F. 

Boghead,  by  old  process 
Ditto      by  new  process 

Wethyl,  by  old  process  . 
Ditto    by  new  process  . 

Ince  Hall,  by  old  process 

4"42  cubic  feet 
•24 
•33 
•07 
•37 

The  percentage  amount  of  olefiant  gas  contained  in  the  Pelton  gas, 
and  the  gases  of  the  Great  Central  and  City  of  Loudon  Companies, 
would  lead  us  to  infer  that  their  illuminating  power  is  much  lower 
than  is  really  the  case ;  for,  according  to  the  experiments  upon  cannel 
gases,  it  appears  that  when  a  consumption  of  5  feet  per  hour  pro- 
duces a  light  equal  to  twenty  candles,  the  gas  contains  13*72  per 
cent  of  olefiant  gas,  or  its  equivalent  in  richer  hydrocarbons  ;  and, 
hence,  we  should  expect  that  a  gas  containing  only  half  this  amount, 
would,  when  burnt  at  the  same  rate,  produce  a  light  equal  only  to 
ten  candles,  instead  of  thirteen,  as  is  found  to  be  the  case.  This 
excess  of  illuminating  power  in  the  case  of  coal  gases  over  that  indi- 
cated by  analysis,  is  probably  owing  to  the  presence  of  luminiferous 
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constituents  not  condensible  either  by  fuming  sulphuric  acid,  or  by 
chlorine ;  the  nature  of  these  constituents,  and  the  cause  why  they 
cannot  be  detected  by  our  present  methods  of  gas  analysis,  I  have 
already  pointed  out.*  The  following  table  exhibits  this  difference 
between  the  value  of  olefiant  gas  in  coal-gas,  compared  with  that  in 
cannel-gas,  and  shows  also,  that  in  the  case  of  the  latter,  the  illu- 
minating power  is  always  directly  proportional  to  the  amount  of 
olefiant  gas  to  v.hich  the  percentage  of  condensible  hydrocarbons  is 
equivalent.  The  establishment  of  this  rule,  with  regard  to  gases 
having  such  different  percentages  of  light  carburetted  hydrogen  as 
the  Boghead  gas,  with  and  without  water-gas,  I  hold  to  be  conclusive 
evidence  that  light  carburetted  hydrogen  has  no  higher  illuminating 
power  than  hydrogen  or  carbonic  oxide. 

Value  of  1  cub.  ft.  of  the  olefiant  gas,  contained  in  the  following 
gases,  expressed  in  sperm  candles,  each  burning  ten  hours,  at  the 
rate  of  120  grs.  per  hour. 


CANNEL    GASES, 

Ince  Hall  cannel     . 

,,  with  water-gas 

Boghead  cannel 

„  with  water-gas 

Lesmahago  cannel  . 

,,  with  water-gas 

Ramsay's  Newcastle  cannel   . 

„  with  water-gas 

Methyl  cannel 

„  with  water-o-as 


Candles. 

2-95 
2-96 
2-80 
2-86 
2-58 
2-54 
2-88 
2-86 
3  04 
3-03 


COAL    GASES. 


Pelton  coal     . 

City  Company's  gas  (coal) 

Great  Central  Company's  gas 


[coal) 


Candles. 

4-23 
3-73 
3-91 


In  conclusion,  the  advantages  resulting  from  the  application  of 
Mr,  White's  hydrocarbon  process  to  coals  and  cannels  may  be  thus 
summed  up  : 

1.  It  greatly  increases  the  produce  in  gas  from  a  given  weight  of 
coal  or  cannel,  the  increase  l)cing  from  46  to  290  per  cent,  according 
to  the  nature  of  the  material  operated  upon. 

2.  It  greatly  increases  the  total  illuminating  power  afforded  by  a 
given  weight  of  coal,  the  increase  amounting  to  from  12  to  108  per 
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cent,  being  gfcatest  when  coals  affording  highly  illuminating  gases 
are  used. 

3.  It  diminishes  the  quantity  of  tar  formed,  by  converting  a 
portion  of  it  into  gases  possessing  a  considerable  illuminating 
power. 

4.  It  enables  us  profitably  to  reduce  the  illuminating  power  of  the 
gases  produced  from  such  materials  as  Boghead  and  Lesmahago 
cannels,  &c.,  so  as  to  fit  them  for  burning  without  smoke  and  loss 
of  light. 

5.  In  addition  to  these  positive  advantages,  the  use  of  this  process 
does  not  incur  any  additional  expense  in  the  working  of  the  appa- 
ratus, the  wear  and  tear  of  retorts,  or  the  purification  of  the  gas ; 
and  beyond  a  change  of  retorts,  it  involves  no  alterations  in  the 
construction  of  furnaces  and  apparatus  at  present  employed  in  gas 
manufactories  conducted  on  the  old  system. 


On  the  Products  of  tlie  destructive  distillatiou  of  Animal  Substances, 

Part  II. 
By  Til  o  mas  Anderson,  M.D,,  F.R.S.E.* 

(abstracted  by  the  author  ) 

In  a  former  j)aper  on  this  subject,  I  announced  the  discovery,  among 
the  products  of  the  destructive  distillation  of  animal  substances,  of 
picoline,  and  described  one  new  base  to  whicli  I  gave  the  name  of 
petinine,  and  indicated  the  existence  of  several  others.  In  examining 
these  substances,  I  found  that  the  quantity  of  material,  though 
obtained  from  300  pounds  of  bone  oil,  was  much  too  small  to  admit 
of  satisfactory  results  ;  the  process  was  therefore  repeated  with  a 
similar  quantity  of  the  oil,  but  I  was  again  foiled  by  deficiency  of 
material.  The  experience  obtained  in  these  preparations  having 
enabled  me  to  see  that  success  could  only  be  obtained  by  the  use  of 
very  large  quantities,  I  once  more  commenced  the  tedious  preparation 
of  the  bases  from  no  less  than  250  gallons  of  the  crude  bone-oil. 

The  oil  was  rectified  in  a  large  cast-iron  retort,  furnished  with  a 
good  condenser,  kept  cold  by  a  current  of  ice-cold  water.  A  gentle 
heat  was  applied,  and  the  first  20  gallons,  which  consisted  of  equal 
bulks  of  a  very  volatile  oil  and  water,  charged  with  sulphide  of 
ammonium,  carbonate,  and  hydrocyanate  of  ammonia,  were  collected 
apart,  and  the  rest  of  the  oil  received  in  a  succession  of  casks  which 
were  numbered  as  they  were  filled.  The  watery  fluid  was  separated 
from  the  oil,  supersaturated  with  sulphuric  acid,  and  boiled  for  a 
considerable  time  in  a  large  copper  boiler.     It  was  then  allowed  to 
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cool,  slaked  lime  added  in  excess,  ;i  copper  head  and  condenser 
attached,  and  heat  again  applied.  The  distillate  was  collected  in  a 
large  glass  receiver,  connected  by  a  doubly  bent  tube  with  a  second, 
containing  hydrochloric  acid,  for  the  purpose  of  condensing  ammonia 
and  any  of  the  very  volatile  bases  which  might  be  carried  along  with 
it.  The  distillate,  which  had  a  ])owerfully  ammoniacal  and  puti'id 
odour,  was  treated  with  sticks  of  caustic  potash,  which  caused  ammo- 
nia to  escape  with  effervescence,  while  a  small  quantity  of  volatile 
bases  collected  on  the  surface,  which  were  separated  and  preserved. 

The  oil,  of  which  only  the  more  volatile  half  was  used,  was  agitated 
with  dilute  sulphuric  acid.  After  two  or  three  clays,  during  which 
the  agitation  was  frequently  repeated,  more  water  was  added  and  the 
solution  drawn  off.  The  fluid,  after  the  addition  of  more  acid,  was 
then  boiled  for  the  separation  of  Runge^s  pyrrol. 

In  my  previous  experiments,  I  had  neglected  this  substance,  but 
observing  now  that  a  very  powerful  odour  was  evolved  when  the  fluid 
began  to  boil,  the  head  of  the  boiler  was  attached  for  the  purpose  of 
endeavouring  to  obtain  it.  The  distilled  fluid  carried  over  with  it  a 
small  quantity  of  a  colourless  oil  which  rapidly  became  red,  and  in 
the  course  of  a  few  days  absolutely  black,  and  proved  to  be  a  mixture 
of  an  oil  insoluble  in  acids,  and  a  series  of  bases  of  very  remarkable 
properties  obviously  related  to  one  another,  and  which  I  designate 
provisionally  by  the  name  of  pyrrol  bases. 

When  these  substances  had  been  entirely  expelled,  for  which  long- 
continued  ebullition  is  requisite,  slaked  lime  was  added,  and  the 
bases  which  had  been  retained  by  the  acid  distilled  over.  A  watery 
solution  was  obtained,  from  which  the  bases  were  separated  as  an  oily 
layer  by  the  addition  of  solid  caustic  potash.  The  potash  solution 
still  containing  a  considerable  quantity  of  the  more  volatile  bases, 
which  could  only  be  separated  by  the  use  of  a  very  large  quantity  of 
potash,  was  distilled  in  glass  vessels,  and  the  product  collected  in  a 
succession  of  three  receivers,  the  first  kept  cold  by  water,  the  second 
by  a  freezing  mixture,  and  the  third  containing  hydrochloric  acid  for 
the  purpose  of  condensing  ammonia  and  another  gaseous  base  by 
which  it  was  ^accompanied.  The  first  receiver  contained  the  oily 
bases,  which  could  now  be  separated  by  a  comparatively  small  expen- 
diture of  potash;  in  the  second  only  a  few  drops  of  fluid  were  found; 
while  tl\e  hydrochloric  acid  in  the  third  was  saturated  with  ammonia 
and  another  gaseous  base.  This  last  solution  was  evaporated  ;  the 
chloride  of  ammonium, ?which  deposited  in  succession  crops  of  crystals, 
was  separated;  and  at  length  there  was  obtained  a  dark  mother-liquor 
which,  on  cooling,  solidifled  into  a  mass  of  foliated  crystals  deliques- 
cent in  moist  air.  These  were  dissolved  in  absolute  alcohol  for  the 
separation  of  traces  of  sal-anunoniac,  and  purifled  by  animal  charcoal 
They  were  thus  obtained  in  long,  transparent  and  colourless  ])lates, 
with  a  ])ungent  and  bitter  taste.     Treated  with  potash,  they  evolved  a 

1^  2 


53  1)11.    ANDERSON'    OX    THE    DESTKICTIVE 

gaseous  base  having  an  ammoniacal  and  putrid  odour.  They  gave  a 
platinum-salt  in  fine  golden-yellow  scales,  the  analysis  of  which  cor- 
responded completely  with  the  formula,  Co  Hg  N  .  HCl.  PtCl2 ;  the 
base  is  consequently  methylamine. 

The  oily  bases  were  dried  by  means  of  caustic  potash,  and  distilled 
in  a  retort  with  a  thermometer.  Ebullition  commenced  at  about 
150°  r. ;  at  212°  the  receiver  was  changed,  and  the  oil  distilling 
above  that  temperature  collected  in  fractions  of  10°  each.  The  por- 
tion boiling  under  212°  was  rectified  and  collected  in  fractions  of 
5°  each,  which  were  nearly  equal  in  bulk.  They  were  all  very  similar 
in  properties,  possessing  a  high  refractive  power,  and  a  pungent  odour 
very  like  that  of  ammonia  in  the  lower  fractions.  Exposed  in  the 
anhydrous  state  to  a  mixture  of  snow  and  salt,  they  remain  perfectly 
fluid,  but  if  a  little  water  be  added,  crystals  of  a  hydrate  are  depo- 
sited. The  quantity  of  those  bases  which  I  obtained  was  too  small 
to  admit  of  complete  separation  by  fractionated  distillation ;  I  there- 
fore converted  portions  of  those  fractions,  which  I  had  reason  to 
believe  corresponded  to  particular  bases,  into  platinum  salts.  I 
selected  in  the  first  instance  the  most  volatile  fraction,  which  boiled 
under  150°,  and  obtained  from  it  a  beautiful  yellow  salt,  readily 
soluble  in  cold  water,  still  more  so  in  boiling  water,  and  depositing  in 
golden  scales,  which  gave  analytical  results  corresponding  with  the 
formula  Cg  Hg  N  .  HCl  .  PtCU.  The  base  is  therefore  propylamine, 
which  I  have  already  obtained  by  the  action  of  potash  upon  codeine. 
Having  obtained  these  bases,  ethylamine,  the  intermediate  term  of  the 
same  series,  was  next  sought  for;  and  by  collecting  the  first  few  drops 
of  the  lowest  fraction  apart,  a  platinum -salt  was  obtained,  which  was 
obviously  a  mixture  of  those  of  ethylamine  and  propylamine,  but  of 
which  the  quantity  was  too  small  to  admit  of  purification  by  re-crys- 
tallization. The  occurrence  of  these  bases  enables  us  to  establish 
satisfactorily  the  constitution  of  petinine,  which  must  obviously  be 
Cg  Hjj  N  and  not  Cg  H^,,  N,  as  I  formerly  supposed  it.  Indeed,  the 
analysis  of  the  platinum-salt  contained  in  the  first  part  of  this  paper, 
fully  agrees  with  the  latter  formula,  though  that  of  the  base  itself 
differs  from  it ;  but  much  less  reliance  is  to  be  placed  upon  that 
analysis,  as  it  is  difficult  to  obtain  the  base  itself  sufficiently  pure. 
It  thus  appears  that  the  products  of  destructive  distillation  contain 
ammonia  and  the  first  four  members  of  the  series  of  bases  homo- 
logous with  it ;  but  it  is  probable  that  that  series  does  not  end  here, 
as  distinct  indications  of  the  presence  of  amylamine  were  found;  and 
it  is  possible  that  eaproamine  may  also  be  detected ;  but  here  the 
series  ends,  as  when  we  reach  a  temperature  of  about  240°,  the  character 
of  the  bases  alters,  and  we  enter  upon  an  entirely  different  series. 

The  separation  of  the  bases,  boiling  above  240°,  has  been  attended 
with  great  difficulties ;  but  after  a  trial  of  many  different  processes, 
such  as  converting  them  into  salts,  exposure  to  cold,  partial  satura- 
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tion,  &c.,  fractionated  distillation  was  found  the  most  advantageous, 
thoush  even  that  was  extremely  troublesome,  and  I  was  by  no  means 
so  successful  in  obtaining  rixed  boiling  points,  as  I  had  been  v.hen 
operating  on  a  smaller  scale.  All  the  oils,  boiling  above  212°,  were 
submitted  to  a  systematic  course  of  fractionation,  each  fraction  being 
distilled  alone,  and  the  product  collected  in  a  fresh  series  of  receivers, 
which  were  changed  at  every  10°.  After  fourteen  rectifications,  the 
fractions,  which  had  at  first  spread  themselves  at  each  successive  dis- 
tillation over  a  very  large  number  of  degrees,  were  confined  to  a 
comparatively  small  range,  and  it  was  obvious  that  a  separation  was 
being  effected,  although  with  extreme  slowness.  At  this  point,  I 
endeavoured,  by  examination  of  the  platinum  salts  obtained  at  diffe- 
rent temperatures,  to  ascertain  the  constitution  of  the  bases  which 
those  fractions  contained,  and  knowing  from  previous  experiments 
that  that  boiling  between  270°  and  280°  consisted  of  picoline,  I  had 
indications  of  where  these  were  likely  to  be  found,  and  have  thus  been 
enabled  to  determine  the  existence  of  two  bases  homologous  with  that 
substance. 

Pyridine. — The  first  of  these  bases,  to  which  I  give  the  name  of 
pyridine,  occurs  in  the  fraction  boiling  about  240°.  It  is  a  perfectly 
transparent  and  colourless  oil,  which  is  not  coloured  by  exposure  to 
the  air.  Its  odour  is  similar  to  that  of  picoline,  but  more  powerful 
and  pungent.  It  dissolves  in  water  in  all  proportions,  and  is  also 
readily  soluble  in  the  fixed  and  volatile  oils.  Acids  dissolve  it  with 
the  evolution  of  much  heat,  and  the  formation  of  highly  soluble  salts. 
With  bichloride  of  platinum  it  gives  a  double  salt  m  the  form  of 
flattened  prisms,  tolerably  soluble  in  boiling  water,  less  so  in  alcohol, 
and  entirely  insoluble  in  ether.  When  these  crystals  are  boiled  for  a 
considerable  time  in  water,  they  appear  to  undergo  decomposition, 
with  the  formation  of  a  ])latinum-salt  crystallizing  in  golden  yellow 
scales.  The  analysis  of  this  salt  gave  results  corresponding  with  the 
formula 

C^o  H5  N  .  HCl  .  PtCl2. 

The  formula  of  the  base  itself  must  consequently  be  C^,^  Hj  N.,  a 
member  of  the  picoline  series.  I  have  not  yet  extended  my  investiga- 
tion of  this  base  further,  as  the  ]:)hcnomena  observed  in  the  examina- 
tion of  the  next  substance  showed  that  much  difficulty  would  still  be 
experienced  in  its  purification. 

Luticline. — In  the  fraction  boiling  about  310°,  occurs  a  base  which 
has  exactly  tlie  constitution  of  toluidine.  The  fraction  obtained  at 
305°  to  310°  in  the  distillation  of  the  mixed  bases  gives  more  distinct 
indications  of  a  fixed  boiling  point,  than  that  obtained  at  any  other 
tem])erature.  It  is  much  less  soluble  than  those  of  lower  boiling 
points,  and  when  dro])ped  into  a  small  quantity  of  water,  fioats  on  the 
sui'face,  and  is  only  slowly  dissolved  on  agitation.      It  is  less  soluble 
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in  hot  than  in  cold  water,  and  se})arates  as  an  oily  layer  when  its  cold 
saturated  solution  is  ii-ently  heated.  Its  odour  is  more  aromatic  than 
that  of  picoline.  It  unites  with  the  acids  and  forms  highly  soluble 
salts.  Its  analysis  gave  results  corresponding  closely  with  the  foi-mula 
Cj^  Hg  N.  Notwithstanding  the  close  correspondence  of  the  analy- 
tical results,  it  appeared  on  further  experiment  that  in  some  of  the 
portions  analyzed,  appreciable  quantities  of  picoline  were  present ;  for 
when  a  portion  was  converted  into  platinum-salt,  the  first  crystals 
which  deposited  were  found  to  contain  J-52'8  per  cent  of  ])latinum, 
which  is  the  number  for  the  picoline- salt ;  but  on  evaporating,  further 
crystals  were  deposited,  containing  3,2"5  and  32'0  per  cent  of  platinum  ; 
and  the  mother-liquor  of  these,  in  addition  of  alcohol  and  ether,  gave 
a  salt  in  flattened  tables,  which  analysis  proved  to  be  the  pure  lutidine 
salt.  This  salt  crystallizes  in  square  tables,  sometimes  very  regular, 
at  other  times  confused  and  imperfect.  It  is  very  soluble  in  cold, 
and  still  more  so  in  hot  water,  and  is  also  extremely  soluble  in  excess 
of  hydrochloric  acid.  The  analysis  of  the  pure  salt  corresponded 
with  the  formula, 

Ci,  Hg  N  .  HCl  .  PtCl^. 

It  is  clear  that  this  salt  is  that  of  the  base  of  which  the  analysis 
has  been  given ;  but  it  is  equally  obvious  that,  notwithstanding  the 
close  approximation  of  the  results  to  theory,  the  base  had  never  been 
obtained  absolutely  pure,  but  had  retained  more  or  less  picoline.  In 
the  course  of  this  investigation,  I  have  been  frequently  struck  with 
the  fact  that  when  the  fraction  corresponding  to  any  particular  base 
is  analyzed,  results  closely  approximating  to  theory  are  obtained,  even 
when  the  substance  is  verv  far  from  being  pure.  I  found,  for  in- 
stance, that  the  portion  boiling  between  270°  and  280°,  after  one  or 
two  rectifications,  gave  exactly  the  numbers  for  picoline,  although 
when  again  rectified,  it  commenced  boiling  at  about  250°,  and  a  small 
quantity  remained  in  the  retort  at  300°.  But  it  is  readily  intelligible 
that  this  should  be  the  case  where  we  ha\'e  to  deal  with  a  series  of 
homologous  bases,  in  which  the  percentage  of  carbon  increases  as 
the  boiling  point  rises,  so  that  we  have  the  excess  of  carbon  in  the 
less  volatile,  counterbalancing  the  deficiency  in  the  more  volatile,  and 
as  each  rectification  retnoves  equal  quantities  of  the  more  and  the  less 
volatile  bases,  the  percentage  composition  of  the  intermediate  sub- 
stance must  remain  unchanged. 

Hydrargochloride  of  Lutidine. — I  directed  my  attention  to  this 
compound,  in  the  hope  that  it  might  prove  suited  to  the  purification 
of  the  base,  but  soon  abandoned  it,  as  I  found  it  impossible  to  obtain 
invariably  the  same  compound.  When  a  solution  of  corrosive  subli- 
mate in  alcohol  is  added  to  an  alcoholic  solution  of  lutidine,  a  curdy 
white  precipitate  falls  immediately,  unless  the  solutions  be  highly 
dilute,  in  which  case  it  is  deposited  slowly  in  groups  of  radiated 
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needles.  It  dissolves  in  boiling  water^  with  partial  decomposition, 
and  is  still  more  soluble  in  spirit,  from  which  it  is  deposited  in 
crystals  on  cooling.  Its  analysis  corresponded  with  the  formula 
2HgCl  +  Cj^  Hy  N.  In  another  preparation,  a  salt  was  formed  which 
corresponded  nearly  with  the  formula  SHgCl  +  C^^^  Hg  N,  and  inter- 
mediate results  were  also  obtained  ;  but  as  the  existence  of  these 
different  compounds  appeared  fatal  to  their  employment  as  a  means 
of  purifying  the  bases,  I  did  not  pursue  their  examination  further. 

It  appears  then  that  DippePs  oil  contains  two  series  of  bases,  one 
homologous  with  ammonia,  the  other  peculiar  to  the  oil,  homologous 
with  one  another,  and  remarkable  for  their  isomerism  with  the  sei-ies 
of  which  aniline  is  the  type.     Thus  we  have, 


Pyridine     .     . 

.     C.oIl.N 

Picolnie 

.     Ci^H,  N     . 

.     Aniline 

Lutidine     . 

•     C,,HgN     . 

.     Toluidine 

And  It  is  probable  that  the  series  does  not  cease  here,  as  I  have  found 
that  the  fractions  of  base  with  higher  boiling  points  give  a  steadily 
decreasing  percentage  of  platinum.  It  is  impossible  in  the  present 
state  of  the  investigation  to  give  any  opinion  as  to  the  intimate  con- 
stitution and  relations  of  these  two  series  of  what  may  be  called  iso- 
homologous  bases.  The  most  obvious  explanation  would  be  to  suppose 
the  new  bases  to  be  imidogen  or  nitrile  bases ;  but  into  those  ques- 
tions I  shall  not  now  enter,  but  reserve  their  consideration  for  a 
future  paper. 

Pyrrol  bases. — I  have  already  referred  to  another  series  of  bases 
which  I  call  provisionally  pyrrol  buses,  which  distil  away  from  the 
acid  by  which  the  others  are  retained.  They  are  obtained  in  the 
form  of  an  oil  insoluble  in  water,  and  which,  though  at  first  colourless, 
soon  becomes  red,  and  finally  black,  and  gives  with  hydrochloric  acid 
and  a  piece  of  fir  wood,  the  peculiar  purple-red  colour  which  Ilunge 
describes  as  characteristic  of  jjyrrol.  I  imagined  at  first  that  I  had 
actually  obtained  this  substance,  which  had  escaped  me  in  my  pre- 
vious experiments,  but  soon  found  I  had  to  deal  with  a  mixture  of 
several  bases ;  for  when  distilled  with  the  thermometer,  it  began  to 
boil  about  212°,  and  gave  a  series  of  fractions  up  to  above  370°. 
These  oils  were  all  bases,  with  a  peculiar  and  disgusting  odour,  quite 
different  fi'om,  and  much  mort;  disagreeable  than  the  ]iicoline  bases. 
They  dissolve  easily  in  a  small  quantity  of  hydrochloric  acid,  and  give 
with  bichloride  of  platinum  a  yellow  ])recipitate,  which  is  rapidly 
converted  into  a  black  substance.  AVhen  heated  with  an  excess  of 
acid,  they  present  a  very  remarkable  character ;  the  solution  at  a 
certain  temperature  becomes  filled  with  red  flocks  so  abundant  and 
bulky,  that  if  not  too  dilute,  it  becomes  ])erfectly  solid,  and  the  vessel 
may  be  inverted  without  anything  f  sca])ing.  The  same  change  takes 
place,  though   more  slowly,  in  the  cold.      When   this   substance   is 
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collected  ou  a  filter^  washed  and  dried,  it  forms  a  reddish-brown 
porous  mass  insoluble  in  water,  acids,  and  alkalies,  but  soluble  in 
alcohol. 

The  acid  fluid  separated  from  this  substance  by  filtration,  when 
supersaturated  with  an  alkali,  evolves  the  odour  of  the  picoline  bases, 
whence  I  infer  that  the  pyrrol  bases  are  in  all  probability  coupled 
substances  containing  the  picoline  series  in  combination  with  some 
substance  which  yields  the  red  matter. 

I  have  not  as  yet  paid  much  attention  to  the  non-basic  portion  of 
bone-oil,  but  I  have  found  that  by  repeated  recitications  it  improves 
in  odour,  and  that  benzine  is  contained  in  the  more  volatile  por- 
tions. It  is  probable,  therefore,  that  the  series  of  homologous  carbo- 
hydrogens  to  which  benzine  belongs,  may  constitute  a  part  but  not 
the  whole  of  the  oil,  as  I  have  found  that  when  boded  with  potash, 
ammonia  is  gradually  evolved ;  and  on  saturating  the  potash  solution 
with  sulphuric  acid,  the  odour  of  butyric  acid,  or  at  least  one  of  the 
fatty  acids,  is  evolved;  whence  1  conclude  that  it  also  contains  the 
nitriles  of  those  acids. 


Uu  Ruliian  and  its  Products  of  Decomposition. 
By   Edward    Schunck,    F.R.S. 

(abstracted  by  the  author.) 

PART    I. 

Among  the  many  discussions  to  which  the  subject  of  madder  has 
given  rise  among  chemists,  there  is  none  which  is  calculated  to  excite 
so  much  interest  as  that  concerning  the  state  in  which  the  colouring- 
matter  originally  exists  in  the  root,  and  there  is  no  part  of  this 
extensive  subject  which  is  at  the  same  time  involved  in  suck 
obscurity.  It  is  a  well-known  fact,  that  the  madder-root  is  not  well 
adapted  for  the  purposes  of  dyeing  until  it  has  attained  a  growth  of 
from  eighteen  months  to  three  years,  and  that  after  being  gathered 
and  dried,  it  gradually  improves  for  several  years,  after  which  it  again 
deteriorates.  During  the  time  when  left  to  itself,  especially  in  a  state 
of  powder,  it  increases  in  weight  and  bulk  (in  consequence,  probably, 
of  absorption  of  moisture  from  the  air),  and  some  chemical  change  is 
effected,  which,  though  not  attended  by  any  striking  phenomena,  is 
sufficiently  well  indicated  by  its  results.  There  are  few  chemical 
investigations  that  have  thrown  any  light  on  the  nature  of  the  process 
which  takes  place  during  this  lapse  of  time,  and,  in  fact,  most  of  the 
attempts  to  do  so  have  merely  consisted  of  arguments  based  on  analogy. 
It  has  been  surmised  that  the  process  is  one  of  oxidation,  and  that 
the  access  of  atmospheric  air  is  consequently  necessary ;  but  a  more 
general  supposition  is,  that  the  process  is  one  of  fermentation,  attended 
perhaps  by  oxidation.  What  the  substance  is,  however,  on  which  this 
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process  of  oxidation  or  fermentation  takes  effect^  and  what  the  products 
are  which  are  formed  by  it,  are  questions  which  have  never  been 
satisfactorily  answered.  It  has  indeed  been  suspected  by  several 
chemists^  that  there  exists  originally  some  substance  in  madder, 
which  by  the  action  of  fermentation  or  oxidation,  is  decomposed,  and 
gives  rise  by  its  decomposition  to  the  various  substances  endowed 
either  with  a  red  or  yellow  colour,  which  have  been  discovered  during 
the  chemical  investigations  of  this  root;  and  to  this  view  Persoz,  in 
his  "  Traite  de  I'Impression  des  Tissus,^^*  gives  his  assent. 

To  Mr.  J.  Higginf  is  due  the  merit  of  having  tirst  called  attention 
to  the  fact,  that  important  changes  take  place  during  the  process  of 
dyeing  with  madder,  which  can  only  be  explained  by  supposing  that 
an  actual  formation  of  colouring  matter  takes  place  during  the  process. 
Mr.  Higgin  concluded  from  his  experiments  that  a  formation  of  part 
of  the  colouring  matter,  during  the  dyeing  process,  is  due  to  the 
peculiar  substance,  called  by  Kuhlmann,  Xanthine. 

A  very  simple  experiment  suffices  to  prove  that  madder,  in  its  dry 
state,  contains  very  little,  if  any  alizarine  ready  formed.  If  an  extract 
of  madder  be  made  with  cold  water,  it  will  be  found  that  the  brownish- 
yellow  liquid  thus  obtained,  when  gradually  heated,  will  dye  as  well 
and  as  strongly  as  the  madder  from  which  it  has  been  pressed.  Now, 
if  the  colouring  matter  were  originally  present  in  the  form  of  alizarine, 
this  could  not  take  place,  since  alizarine  is  almost  insoluble  in  cold 
water ;  and  in  employing  it  for  the  purpose  of  dyeing,  it  is  necessary 
to  dissolve  it  in  warm  or  boiling-water,  before  it  begins  to  exert  any 
effect,  as  is  plainly  seen  in  the  case  of  garancine,  which  contains 
alizarine  ready  formed. 

iiy  adding  a  variety  of  substances  to  an  extract  of  madder  with  cold 
water,  I  was  enabled  to  ascertain  under  what  circumstances,  and  by 
what  means  the  tinctorial  power  of  the  liquid  is  destroyed,  and 
consequently  what  is  the  general  character  of  the  substance  or 
substances  to  which  it  is  due.  I  found  that  by  adding  sulphuric  or 
muriatic  acid  to  the  extract  and  heating,  the  liquid,  after  neutrali- 
sation of  the  acid,  was  no  longer  capable  of  dyenig.  The  tinctorial 
power  was  also  destroyed  by  the  addition  of  hydrate  of  alumina, 
magnesia,  ])rotoxide  of  tin,  and  various  metallic  oxides,  but  not  by 
carbonate  of  lime  or  carbonate  of  lead.  In  all  cases  in  which  the 
])roperty  of  dyeing  in  the  extract  was  destroyed,  I  invariably  found 
that  its  bitter  taste  and  bright  yellow  colour  were  lost.  In  mv  former 
j)apers  on  this  subject,  1  have  shown  that  the  intensely  bitter  taste  of 
madder  and  its  extracts  is  due  to  rubian  ;  and  hence  it  follows  that  this 
substance,  though  itself  no  colouring  matter,  is  in  some  way  concerned 
in  the  changes  when  by  a  formation  of  colouring^  matter  is  induced 
in  aqueous  extract  of  madder. 

*  T.  I.,  501. 

t  On  the  Colouring  Matters  ot'  Madder,  hy  J.  Higgin,  Phil.  Trans,  for  Oct.  1S48. 
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The  preparation  of  rubian  in  a  state  of  purity  is  attended  witli 
difficulties,  in  couscciuence  of  the  facility  v.ith  which  it  is  decomposed 
by  most  reagents.  There  is  also  another  circumstance  which  presents 
obstacles  to  almost  all  attempts  to  obtain  it  j)ure.  There  is  no  investi- 
gation of  madder  which  does  not  make  mention  of  a  substance,  which 
when  its  watery  solution  is  mixed  with  sulphui'ic  or  muriatic  acid,  and 
boiled,  gives  rise  to  the  formation  of  a  dark  green  powder.  To  this 
substance,  which  possesses  no  bitter  taste,  and  is  in  fact  devoid  of  any 
characteristic  property  except  the  one  mentioned,  I  have  restricted  the 
name  xanthine.  Tlie  xanthine  of  most  other  chemists  is,  however,  a 
mixture  of  rubian  with  this  substance,  and  possesses  therefore  the 
bitter  taste  of  the  former,  while  showing  the  characteristic  behaviour 
of  the  latter  towards  acids.  To  avoid  confusion,  I  shall  no  longer 
employ  the  name  of  xanthine,  and  I  shall  call  the  substance  which 
gives  the  green  powder,  with  acids,  chlurorjenine.  Now  these  two 
substances,  though  of  very  different  nature,  behave  similarly  towards 
many  reagents.  Chlorogenine,  for  instance,  is  not  precipitated  by 
basic  acetate  of  lead,  when  it  is  contained  alone  in  solution  ;  but  it  is 
parti}'  precipitated  thereby,  when  rubian  is  ])resent  at  the  same  time. 

After  numerous  experiments  I  discovered  a  property  of  rubian, 
which  is  perhaps  more  characteristic  of  it  than  any  other,  and  that  is 
the  remarkable  attraction  which  is  manifested  by  it  towards  all 
substances  of  a  porous,  or  finely-divided  nature;  and  it  was  this 
property  by  means  of  which  I  was  enabled  to  obtain  it  in  a  state  of 
purity.  If  to  a  Avatery  extract  of  madder,  a  quantity  of  protochloride 
of  tin  be  added,  a  light,  purple-lake  is  ])recipitated.  Most  of  the 
rubian  remains  in  the  solution,  which  still  retains  its  yellow  colour 
and  bitter  taste.  If,  however,  after  filtering,  sulphuretted  hydrogen 
be  passed  through  it,  then  provided  the  quantity  of  tin,  still  in 
solution  be  sufficiently  large,  the  sulphuret  of  tin  at  the  moment  of 
precipitation,  carries  dow^n  the  whole  of  the  rubian,  and  the  solution 
loses  its  bitter  taste,  and  the  greater  part  of  its  yellow  colour.  The 
whole  of  the  chlorogenine  remains  in  solution,  and  may  easily  be 
detected  in  the  filtered  liquid  by  means  of  acids.  If  the  sulphuret  of 
tin,  after  being  collected  on  a  filter,  and  well  washed  with  cold  water 
until  the  percolating  liquid  no  longer  gives  a  green  colour  on  being 
mixed  with  acid  and  boiled,  be  treated  with  boiling  alcohol,  a  yellow^ 
solution  is  obtained,  which,  on  evaporation,  gives  pure  rubian,  without 
any  admixture  of  chlorogenine,  in  the  shape  of  a  dark  yellow,  brittle 
substance.  The  same  effect  is  produced  by  sulphuret  of  lead.  If 
sugar  of  lead  be  added  to  an  extract  of  madder,  a  dark,  reddish-brown 
precipitate  falls,  the  liquid  still  containing  the  rubian  of  the  extract, 
as  seen  by  its  deep  yellow  colour  and  bitter  taste.  If  sulphuretted 
hydrogen  be  now  passed  through  the  filtered  liquid,  a  great  part  of 
the  rubian  goes  down  with  the  sulphuret  of  lead,  and  may  again  be 
separated  from  it  by  means  of  boiling  alcohol. 
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This  attraction  of  surface  exerted  towards  rubian  by  bodies  in  a 
state  of  minute  division^  is  not  coutined  to  metallic  sulpburets.  A 
very  small  quantity  of  animal  charcoal  is  sufficient  to  deprive  an 
aqueous  extract  of  madder  of  its  bitter  taste  and  its  tinctorial  power. 
Lamp-black  acts  in  the  same  manner,  though  much  less  powerfully. 
Wood  charcoal,  however,  has  no  absorbent  effect  whatever  on  rubian. 
All  these  substances  attract  rubian  alone,  leaving  the  other  substances 
contained  in  the  extract,  such  as  chlorogenine,  sugai',  and  pectine, 
untouched.  By  means  of  boiling  alcohol,  part  of  the  rubian  in 
combination  with  them  is  again  removed,  and  thus  an  easy  and 
efficient  means  is  given  of  obtaining  rubian  in  a  state  of  purity. 

The  following  method  of  operation  I  have  found  best  adapted  for 
the  purpose.  A  weighed  quantity  of  madder  being  placed  on  a 
piece  of  calico  or  fine  canvas,  stretched  on  a  wooden  frame,  boiling- 
water  is  poured  on  it,  in  the  proportion  of  4  quarts  of  water  to  1  of 
madder.  A  dark  yellowish-brown  liquor  is  obtained,  to  which  there 
is  added,  while  hot,  for  every  pound  of  madder  taken  1  oz.  of  animal 
charcoal.  The  liquid  being  well  stirred  with  the  charcoal,  the  latter 
is  allowed  to  settle,  which  it  does  in  a  very  short  time,  and  the 
liquid,  which  still  retains  a  brown  colour,  is  decanted.  The  charcoal 
is  then  placed  on  a  piece  of  calico,  or  on  a  paper  filter,  and  washed 
with  cold  water,  until  the  percolating  liquid,  when  mixed  with, 
muriatic  acid  and  boiled,  no  longer  acquires  a  green  colour,  which 
is  a  sign  that  the  chlorogenine  is  removed.  The  animal  charcoal  is 
now  treated  with  boiling  alcohol,  \\hich  is  filtered  boiling  hot,  and 
the  treatment  is  repeated  until  it  no  longer  conununicates  to  the 
alcohol  any  yellow  colour.  The  alcohol  is  now  evaporated.  During 
evaporation,  a  small  quantity  of  a  dai'k  fiocculent  substance  is  depo- 
sited, which  is  separated  by  filtration.  The  solution  still  contains  a 
small  quantity  of  another  substance,  which  is  a  product  of  decompo- 
sition of  rubian  itself,  and  is  probably  formed  by  the  application  of 
too  great  a  heat  in  the  process  of  drying  the  madder.  This  sub- 
stance may  be  removed  by  adding  sulphuric  acid  to  the  cold  solution 
after  the  greatest  ])art  of  the  alcohol  has  been  removed.  The  sul- 
phuric acid  completely  decomposes  the  foreign  substance,  provided 
a  sufficient  quantity  is  employed,  and  converts  it  into  a  substance 
which  renders  the  solution  milky,  and  then  falls  in  the  shape  of 
brown  rcsin-like  drops.  The  sulphuric  acid  being  neutralized  with 
carbonate  of  lead,  the  filtered  solution,  which  is  yellow,  and  now 
contains  pure  rubian,  is  carefully  eva])oiated  to  dryness.  From 
1  cwt.  of  madder,  I  obtained  in  this  manner  about  1000  grs.  of 
rubian. 

As  thus  prepared,  rubian  has  the  following  properties.  It  is  a 
hard,  dry,  brittle,  shining,  perfectly  uncrystalline  substance,  similar 
in  appearance  to  gum  or  dried  varnish.  It  is  not  deHquescent,  as 
xanthine  is  described  io  be.     In  thin  layers  it  is  perfectly  transparent. 
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and  of  a  beautiful  dark  yellow  colour.  In  ]nvs:e  masses  it  is  dark 
brown.  It  is  very  soluble  in  water  and  alcohol,  more  so  in  the 
former  than  the  latter,  but  insoluble  in  ether.  Its  solutions  have  an 
intensely  bitter  taste.  Its  watery  solution  gives  no  pi-ecipitates  with 
the  mineral  or  organic  acids,  nor  with  salts  of  the  alkali  or  alkaline 
earths.  The  only  metallic  salt  which  precipitates  it  from  its  solution 
is  basic  acetate  of  lead.  The  precipitate  is  light  red.  Concentrated 
sulphuric  acid  dissolves  rubian  with  a  blood-red  colour  ;  on  boiling 
the  solution,  it  becomes  black  and  disengages  sulphurous  acid. 
Dilute  sulphuric  and  muriatic  acids  decompose  it  on  boiling  in  a 
manner  to  be  described  below.  Nitric  acid  changes  it  into  the  acid 
which  I  called  in  my  former  papers  alizaric  acid,  and  which  Laurent 
and  Gerhardt  consider  as  identical  with  naphthalic  acid.  Phos- 
phoric, oxalic,  tartaric,  and  acetic  acids,  produce  no  efiect  on  rubian. 
When  a  stream  of  chlorine  gas  is  passed  through  a  watery  solution  of 
rubian,  the  solution  immediately  becomes  milky,  and  begins  to  de- 
posit a  lemon-yellow  powder,  into  which,  on  continuing  the  action, 
the  whole  of  the  rubian  is  converted,  the  liquid  becoming  colourless. 
Caustic  soda  turns  the  colour  of  a  solution  of  rubian  from  yellow  to 
blood-red,  which  on  boiling  the  liquid  again  changes  to  purple. 
When  heated  on  platinum-foil,  rubian  melts,  swells  up  very  much, 
burns  with  a  flame,  and  leaves  a  carbonaceous  residue.  When 
heated  gradually  in  a  tube,  it  begins  to  undergo  decomposition, 
accompanied  by  loss  of  water,  at  a  temperature  of  about  130°  C. 
When  heated  still  further,  it  gives  fumes  of  an  orange  colour,  which 
condense  on  the  colder  parts  of  the  vessel  to  a  crystalline  mass,  con- 
sistilig  chieHy  of  alizarine. 

The  composition  of  rubian  is  expressed  by  the  formula  CggHo^OgQ, 
that  of  its  lead-compound  by  C^,;  H3^03o-f6  PbO. 

Action  of  sulphuric  and  muriatic  acid  on  riibiait. — The  action  of 
these  two  acids  is  precisely  the  same;  but  for  the  purpose  of  study- 
ing it,  it  is  better  to  employ  sulphuric  acid,  as  it  is  more  easily 
removed  again  afterwards.  On  adding  sulphuric  acid  in  considerable 
quantity  to  a  watery  solution  of  rubian,  and  boiling  the  liquid,  no 
perceptible  change  takes  place  at  first,  except  that  the  solution  loses 
a  little  of  its  transparency,  and  becomes  slightly  opalescent.  After 
boiling  for  some  time,  the  rubian  is  entirely  decomposed.  On  allow- 
ing to  cool,  a  quantity  of  orange-coloured  Hocks  are  deposited,  while 
the  liquid  becomes  almost  colourless.  The  orange-coloured  flocks  are 
separated  by  filtration,  and  washed  with  cold  water,  until  all  the  acid 
is  removed.  They  now  consist  of  four  different  substances,  viz. : 
firstly,  Alizarine ;  secondly,  the  substance  which  in  my  former  papers 
I  have  called  alpha -renin,  but  to  which  I  prefer  giving  the  name  of 
Rubiretine ;  thirdly,  the  substance  which  I  formerly  termed  beta- 
resin,  but  which  I  shall  now  call  Verantine,  from  Veranda,  the  name 
applied  to  madder  in  the  middle   ages.     The  fourth    substance   has 
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not  hitherto  been  observed.  I  shall  call  it  Ruhianine.  On  dissolving 
the  mixture  of  these  four  substances  in  a  small  quantity  of  boiling 
alcohol,  the  rubianine  separates,  on  the  solution  cooling,  as  a  brownish- 
yellow  crystalline  mass,  and  is  purified  by  recrystallization  from 
boiling  alcohol.  On  adding  acetate  of  alumina  to  the  alcoholic 
liquid,  a  dark  red  precipitate  falls,  which  consists  of  alizarine  and 
verantine  in  combination  with  alumina.  The  compound  is  decom- 
posed with  acid ;  the  mixture  of  alizarine  and  verantine  is  again 
dissolved  in  alcohol ;  and  the  verantine  is  precipitated  by  means  of 
acetate  of  copper,  a  compound  of  alizarine  and  oxide  of  copper  re- 
maining dissolved  in  the  alcohol,  and  forming  a  dark  purple  solution. 
The  rubn-etine  is  contained  in  the  liquid  from  which  the  alizarine 
and  verantine  have  been  precipitated  by  acetate  of  alumina.  The 
acid  liquid  from  which  the  orange-coloured  flocks  were  deposited, 
contains  a  species  of  sugar,  which  is  obtained  by  neutralising  the 
acid  with  carbonate  of  lead,  and  evaporating. 

The  analysis  of  the  alizarine  formed  in  this  process  led  to  the  same 
formula,  at  which  I  had  previously  arrived,  viz.,  C14  Hj  0^,  and  this 
formula  receives  a  new  confirmation  from  the  relation  in  which  it 
stands  to  ^hat  of  rubian.  The  formation  of  alizarine  from  rubian 
admits  of  a  very  easy  explanation.  By  simply  losing  14  equivs. 
of  water,  1  equiv.  of  rubian  is  converted  into  4  equivs.  of  alizarine; 
for: 

C56H3,03,  =  4C,,H5  0,  +  14  HO. 

The  properties  of  verantine  are  identical  with  those  of  the  sub- 
stance to  which  I  formerly  gave  the  name  of  the  beta-resin  of 
madder.  Its  composition  is  expressed  by  the  formula  Cj^  H^  O5, 
which  was  confirmed  by  the  analysis  of  the  baryta  and  copper  com- 
pounds. 

The  most  probable  formula  for  rubiretine  is  Cj^.  Hg  0^.  If,  there- 
fore, 2  equivs.  of  verantine,  2  equivs.  of  rubiretine,  and  12  equivs. 
of  water,  be  added  together,  the  sum  will  be  equal  to  1  equiv.  of 
rubian ;  for, 

2  Ci4  11,  O5  +  2  Cj,  Hg  O4  +  12  HO  =  C56  H34  O30 

Rubianine  is  soluble  in  boiling  alcohol  and  water,  from  which  it 
crystallizes,  on  the  solutions  coohng,  in  bright,  lemon-yellow,  silky 
needles,  which,  when  dry,  form  an  interwoven  mass.  \\  hen  liented 
it  is  cai'boniscd  without  being  volatilised.  It  is  not  decorapo.'^ed  by 
Vjoiling  nitric  acid.  It  dissolves  in  solutions  of  alkalies  with  a  blood- 
red  colour,  but  after  some  time  is  again  deposited  unchanged.  Its 
alcoholic  solution  gives  no  precipitate  with  sugar  of  lead.  It  is  not 
converted  into  rubiacic  acid  by  means  of  persalts  of  iron,  by  which  it 
is  chiefiy  distinguished  from  rubiacine.  Its  com[)osition  is  expressed 
by  the  formula  C30  lljy  Oj-. 

The  sugar  mentioned  above  as  the  fifth  product  of  the  action  of 
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acids  on  rubian  is  obtained  in  th(!  form  of  a  yellow  transparent  syrup, 
Avhich  neither  crystallises,  liowever  long  its  solution  may  be  left  to 
stand,  nor  becomes  dry,  unless  heated  to  100°  C.  Its  taste  is 
sweetish,  accompanied  by  a  bitter  after-taste,  like  that  of  burnt 
sugar.  It  is  easily  decomposed  by  caustic  alkalies ;  but  not  so 
easily  by  dilute  sulphuric  acid.  Nitric  acid  converts  it  into  oxalic 
acid.  By  fermentation  it  yields  alcohol.  Its  composition  is  identical 
with  that  of  grape-sugar,  its  formula  being  C5^1I,2  0i2-  Hence,  it 
follows,  that  1  equiv.  of  rubian  takes  up  9  equivs.  of  water,  and  then 
splits  up  into  1  equiv.  of  rubianine,  and  2  equivs.  of  sugar,  for 

C3oHi9  0,3  +  2C,,H,,0,2  =  C,gH3,03o  -f  9  HO. 

In  the  opinion  of  most  chemists  wlio  have  examined  madder,  this 
root  contains  two  distinct  colouring  matters,  viz.,  alizarine,  and 
another,  to  which  the  names  of  purpurine,  oxylizaric  acid,  and 
madder-purple,  have  been  applied  by  different  chemists.  I  have, 
however,  reason  to  suppose  that  the  latter  is  in  fact  no  distinct 
colouring  matter,  but  a  mixture  of  alizarine  and  verantine.  As  a 
chai'actei'istic  of  purpurine,  is  mentioned  its  property  of  forming,  when 
treated  with  boiling  alum-liquor,  a  red,  opalescent  solution,  from 
which  it  separates  again  in  orange-coloured  flocks  on  the  solution 
cooling.  Pure  alizarine  is  not  more  soluble  in  boiling  alum-liquor 
than  in  water ;  it  only  communicates  to  the  liquor  a  yellow  colour. 
Verantine  is  still  less  soluble  in  alum-liquor.  If,  however,  a  mixture 
of  alizarine  and  verantine  be  dissolved  in  caustic  alkali,  and  they  be 
then  precipitated  together  by  means  of  a  solution  of  alum  added  in 
excess,  then,  on  boiling  the  precipitate  with  the  liquid,  a  bright  red 
solution  is  obtained,  and  on  filtering  and  allowing  to  cool,  orange- 
coloured  flocks  are  deposited,  while  the  liquid  still  remains  red,  but 
gives  a  yellow  precipitate  on  the  addition  of  acid.  From  this  expe- 
riment, I  am  inclined  to  infer  that  alizarine  and  verantuie  are  capaljle 
of  forming  a  double  compound  with  alumina,  soluble  in  boiling  water, 
and  that  a  mixture  of  the  two  in  the  proportion  in  which  they  exist  in 
this  compound,  constitutes  what  has  been  called  purpurine. 


On  Aspartic  and  Jlallc  Acids. 
By  L.  Past  cur." 


In  a  former  memoir,  the  author  has  shown  that  aspartic  and  malic 
acids  have  the  power  of  turning  the  plane  of  polarization  of  luminous 
rays,  and  that  this  power  likewise  extends  to  all  their  saline  com- 
pounds; moreover,  that  fumaric  acid,  as  formed  in  nature,  and  likewise 

■  Compt.  rend.  XXXIII,  217;  Ann.  Ch.  Pliys.  [.3]  XXXIV,  30. 
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as  it  is  obtained  by  the  dry  distillation  of  malic  acid,  does  not  possess 
this  property.  About  the  same  time,  M.  Dessaignes  announced  the 
transformation  of  acid  fumarate  of  ammonia  into  malic  acid.  On 
comparing  the  results  obtained  by  Dessaignes  with  those  of  Pasteur, 
it  would  appear  that  aspartic  acid,  a  substance  possessing  rotatory 
])ower,  may  be  obtained  artificially  from  acid  fumarate  of  ammonia,  a 
substance  which  is  destitute  of  that  property.  Now,  as  such  a  result 
would  be  contrary  to  all  previous  experience,  the  author  was  disposed 
to  conclude  that  the  aspartic  acid  formed  by  Dessaignes  differed 
from  natural  aspailic  acid — that,  namely,  which  is  formed  from 
asparagine — by  the  absence  of  molecular  rotatoiy  power.  Accordingly, 
he  obtained  from  M.  Dessaignes  a  specimen  of  the  aspartic  acid 
prepared  from  fumarate  of  ammonia,  and  on  examining  it,  found  that 
it  was  really  destitute  of  rotatory  power,  although  in  its  chemical 
properties,  it  exhibited  the  most  exact  resemblance  to  natural  aspartic 
acid. 

It  became  tlierefore  peculiarly  interesting  to  examine  the  trans- 
formation of  this  substance  into  malic  acid.  It  is  well  known  that 
malic  acid  may  be  readily  formed  from  asparagine  and  aspartic  acid ; 
and  the  author  has  shown  that  the  acid  thus  obtained  is  identical,  in  its 
chemical,  crystallographical,  and  optical  properties,  with  the  malic  acid 
of  the  service-tree,  the  apple,  and  the  grape.  Now,  on  treating  the 
new  aspartic  acid  of  Dessaignes  by  a  method  exactly  similar  to  that 
by  which  Piria  obtained  malic  acid  from  asparagine,  a  malic  acid  was 
produced  which  was  likewise  destitute  of  rotatory  power.  The  author 
proposes  to  distinguish  these  acids  and  their  derivatives  by  the  names 
actually  in  use,  with  the  addition  of  the  epithets  active  and  passive; 
e.  g.,  active  malic  acid,  active  aspartic  acid,  inactive  malic  acid,  inac- 
tive aspartic  acid. 

A  comparison  of  the  properties  of  these  active  and  passive  com- 
pounds presents  very  curious  and  unexpected  results.  With  the 
exception  of  a  few  dissimilarities,  for  the  most  part  of  minor  import- 
ance, these  substances  are,  chemically  speaking,  undistinguishable. 
Every  reaction  which  can  be  produced  by  one  of  the  active  acids, 
may  likewise  be  obtained,  under  similar  circumstances,  with  the  cor- 
responding ])assive  acid  ;  and  the  resulting  compounds  have  always 
the  same  ultimate  composition  and  the  same  chemical  properties. 
Thus,  active  malic  acid,  when  heated  to  nearly  150°  C,  is  trans- 
formed into  two  volatile  acids,  the  maleic  and  famaric.  The  same 
phenomenon  is  presented  by  inactive  malic  acid.  Active  malate  of  lead 
fuses  at  a  temperature  below  100°;  so  likewise  does  the  inactive  malate. 
Active  malate  of  lead,  which  is  amorphous  when  first  precipitated, 
subsequently  crystallizes  in  silky  tufts ;  inactive  malate  of  lead 
exhibits  the  same  property.  All  the  active  malates  and  aspartates, 
without  exception,  have  their  analogues  among  the  inactive  malates, 
which  latter  are  obtained  by  exactly  the  sauic  processes  as  the  active 
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salts.  Lastly,  the  corresponding  salts  liave  always  the  same  chemical 
formula. 

The  crystalline  forms  of  the  corresponding  active  and  inactive  com- 
pounds present  some  remai'kable  peculiarities,  being  sometimes  totally 
distinct  and  incompatible,  sometimes  sensibly  the  same  and  with  the 
same  angles.  Thus,  active  aspartic  acid  and  aspai-tate  of  soda  crys- 
tallize in  the  system  of  the  right  prism  with  a  rhombic  base,  whereas 
the  corresponding  inactive  compounds  crystallize  in  the  system  of  the 
oblique  prism  with  rectangular  base,  which  is  incompatible  with  the 
preceding.  On  the  other  hand,  the  active  bimalates  of  lime  and 
ammonia  crystallize  in  the  system  of  the  right  prism  with  rhombic 
base,  and  the  corresponding  inactive  bimalates,  not  only  crystallize  in 
the  same  system,  but  likewise  with  the  same  angles ;  there  is  this 
difference,  however,  that  the  active  substances  always  exhibit  hemi- 
hedral  faces,  which  the  inactive  compounds  never  do.  It  appears  then, 
that  the  molecular  constitution  of  the  inactive  substances  is  not 
incompatible  with  a  crystalline  form  identical  with  that  of  the  cor- 
responding active  compounds;  and  we  may  presume  with  tolerable 
certainty  that  where  the  forms  appear  incompatible,  the  incompati- 
bility is  due  to  dimorphism. 

The  phenomena  above  described  might  induce  the  supposition  that 
the  inactive  varieties  of  aspartic  and  malic  acid  might  each  be  sepa- 
rated into  two  other  acids,  one  of  which  would  turn  the  plane  of 
polarization  to  the  right,  and  the  other  to  the  left,  in  the  same 
manner  as  racemic  acid  is  separated  into  dextroracemic  and  Isevo- 
racemic  acid.  This  supposition,  however,  is  untenable.  For,  in  the 
first  place,  the  difference  between  racemic  and  tartaric  acid  is  much 
greater  than  that  which  exists  between  active  and  inactive  malic  acid. 
Thus,  the  chemical  composition  of  a  racemate  is  rarely  identical  with 
that  of  the  corresponding  tartrate  ;  and,  in  the  few  cases  in  which 
this  identity  of  composition  exists,  the  racemate  is  separable  by  crys- 
tallization into  a  dextro-  and  a  Isevo-tartrate.  But  the  chief  objec- 
tion to  the  above-mentioned  supposition  is  derived  from  the  mode  of 
production  of  inactive  aspartic  and  malic  acids.  Inactive  aspartic 
acid  is  in  fact  derived  from  maleic  and  fumaric  acids.  If  then  it 
possesses  a  binary  constitution,  an  analogous  constitution  must  be 
supposed  to  exist  in  the  acids  from  which  it  is  derived — unless 
indeed  we  suppose  that  the  maleic  and  fumaric  acids  are  transformed 
by  heat  into  binary  symmetrical  groups — a  change  which  there  is 
even  greater  difficulty  in  conceiving.  Now,  to  suppose  a  binary 
constitution  in  fumaric  and  maleic  acids,  is  to  admit  that  the  action 
of  heat  transforms  a  molecule  of  active  malic  acid  into  binary  groups 
of  two  active  molecules  identical  in  form,  but  not  superposible.  On 
the  other  hand,  it  is  reasonable  to  suppose  that  a  molecular  arrange- 
ment unsymmetrically  constituted,  may,  when  exposed  to  an  elevated 
temperature,  be   changed    into   another   molecular  arrangement,  in 


I 


ASPARTIC    AND    MALIC    ACID.  6^ 

which  the  peculiar  disposition  which  produced  the  want  of  symmetry 
in  the  first  arrangement,  has  disappeared.* 

The  results  above  described  throw  a  new  light  on  the  molecular 
constitution  of  bodies.  The  author  had  shown  in  former  researches, 
that  substances  capable  of  acting  on  polarized  light,  may  be  com- 
pared to  those  gi'oups,  so  frequent  in  the  vegetable  and  animal  king- 
doms, in  which  the  want  of  symmetry  is  of  that  nature  that  we  may 
imagine  other  groups  identical  with  them  in  form,  but  not  super- 
posible ;  e.  g.,  the  right  and  left  members  of  the  body,  and  those 
plants  in  which  the  points  of  insertion  of  the  leaves  form  a  right-hand 
or  a  left-hand  spiral.  In  one  case  (that  of  tartaric  acid)  the  left-hand 
modification  corresponding  to  the  right-hand  variety  previously  known, 
was  actually  discovered.  In  the  present  instance,  we  see  that  com- 
pounds exerting  a  rotatory  power  on  polai'ized  light  may  be  so  little 
altered  in  their  molecular  grouping,  as  to  retain  without  exception  all 
their  chemical  properties,  and  merely  to  lose  that  peculiar  unsym- 
metrical  molecular  grouping,  which  produces  the  right  or  left-handed 
character. 

The  only  known  substances  which  can  be  compared  with  those  just 
considered  are  ordinary  active  oil  of  turpentine,  and  the  inactive 
variety  obtained  by  the  action  of  heat  and  caustic  lime  on  the  arti- 
ficial solid  camphor  of  turpentine.  It  is  highly  probable,  however, 
that  this  new  kind  of  isomerism  is  a  general  property  of  substances 
possessing  the  rotatory  power,  and  that  examples  of  the  same  kind 
will  be  multiplied,  now  that  the  attention  of  chemists  has  been  drawn 
to  this  new  class  of  compounds. 

A  remarkable  similarity  appears  to  exist  between  the  molecular 
constitution  of  ordinary  malic  acid  and  that  of  tartaric  acid.  Biot, 
it  is  well  known,  has  discovered  several  remarkable  peculiarities  in 
the  action  of  tartaric  acid  upon  light,  viz. :  1.  That  its  rotatory  power 
increases  with  the  proportion  of  water  which  it  contains ;  2.  That  this 
power  is  increased  by  elevation  of  temperature ;  3.  By  the  presence  of 
boracic  acid  ;  4.  That  the  mode  of  dispersion  of  the  planes  of  pola- 
rization does  not  follow  the  law  of  the  inverse  squares  of  the  lengths 
of  the  wave,  which  is  found  to  be  very  nearly  true  in  quartz  and  in 
most  substances  possessed  of  molecular  rotatory  power.  These  four 
exceptional    laws    have   hitherto   been   considered    quite    peculiar   to 

*  Bimalate  of  ammonia  becomes  inactive  by  the  abstraction  of  5  atoms  of  water  at 
200°  C,  and  aspartic  acid  by  the  loss  of  3  atoms.  The  loss  of  rotatory  power  may  be 
attributed  to  several  causes:  1.  The  action  of  heat.  2.  The  expulsion  of  water,  (lie 
molecular  group  before  the  loss  of  water,  being  unsymmetriral,  in  consequence  of  the 
disposition  of  the  atoms  of  water  in  the  midst  of  it.  3.  We  may  suppose  that  the 
rotatory  jiower  was  due  to  tlie  relative  arrangement  of  the  molecules  of  water  and  of 
the  de-hydrated  substance.  It  would  be  very  useful  towards  the  solution  of  this 
iinportani  question,  to  abstract  tlie  molecules  of  water  from  the  active  groups  at  low 
temperatures,  and  ascertain  whether  the  rotatory  power  is  destroyed  under  those 
circumstances. 
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tartaric  acid.  Pasteur,  however,  finds  that  active  malic  acid  exhibits 
the  same  peculiarities.  There  must  therefore  be  some  intimate  rela- 
tion between  the  molecular  constitution  of  tartaric  and  of  malic  acid; 
and  it  must  be  especially  remarked  that  this  analogy  of  constitution 
is  shown  by  a  dissymmetric  phenomenon,  viz.,  the  optical  rotatory 
power.  Hence  it  follows,  independently  of  any  theoretical  generaliza- 
tions of  the  facts  relating  to  right  and  left-handed  substances — that 
since  there  are  two  varieties  of  tartaric  acid,  the  one  right  and  the 
other  left-handed,  there  must  likewise  exist  two  corresponding  varie- 
ties of  malic  acid.  It  matters  little  whether  the  variety  of  malic  acid, 
which  is  symmetrical  to  the  ordinary  malic  acid  known  to  chemists, 
exists  or  not  in  any  particular  plant.  That  w^hich  we  may  safely 
assert,  is  the  possible  existence  of  this  variety  of  malic  acid,  sym- 
metrical or  non-superposible  to  the  acid  of  the  service-tree,  of  the 
apple,  and  the  grape. 

The  ordinary  active  variety  of  malic  acid  corresponds  io  dextro- 
tartaric  acid,  a  fact  which  might  have  been  predicted  from  the  con- 
stant simultaneous  existence  of  malic  acid  and  dextro-tartaric  acid  in 
all  acid  fruits.  It  is  very  probable  that  when  the  kind  of  grape  which 
yielded  tartaric  acid  containing  racemic  acid  shall  have  been  redisco- 
vered, this  same  grape  will  be  found  to  contain  the  Icevo-malic  acid, 
symmetrical  to  ordinary  malic  acid. 

Another  consequence  which  may  be  deduced  from  the  preceding 
facts,  is  the  possible  existence  of  an  inactive  asparagine  corresponding 
to  the  inactive  malic  and  aspartic  acids  ;  and  when  we  shall  have  dis- 
covered the  mode  of  preparing  ordinary  active  asparagine  from  active 
malic  or  aspartic  acid,  the  same  reaction  applied  to  the  corresponding 
inactive  acids  will  doubtless  produce  inactive  aspai*agiue. 

There  are  also  strong  reasons  for  presuming  the  existence  of  an 
inactive  tartaric  acid  corresponding  to  inactive  malic  acid.  This  acid 
would  be  neutral  to  polarized  light,  like  racemic  acid,  but  would  differ 
from  the  latter  in  molecular  constitution,  and  would  not  be  separable 
into  two  symmetric  acids. 


Organic  Bases  containing  Antimony.* 

The  compounds  of  this  class  discovered  up  to  the  present  time  are 
as  follows  : 

Stibmethyl       .     .     .     SbMcg  =  Sb  .  3  (C2  H3 ) 
Stibmethylium      .     .     SbMe^  =  Sb  .  4  [cl  H3  ) 

*  Lowig  and  Schweitzer,  Ann.  Ch.  Pharm.  LXXV,  315,  327;  J.  pr.  Chem. 
XLIX,  385  ;  L,  321 ;  Pogg.  Ann.  LXXX,  338  ;  Chem.  Gaz.  1850,  201,  372,  395,  420. 
— Landolt,  Ann.  Ch.  Pharm.  LXXVIII,  91  ;  Lowig,  Grundriss  der  Organischen 
Chemie,  Braunschweig,  1852,  S.  383. 
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Stibethyl  ....  SbAca  =  Sb  .  3  (C,  H,  ) 
Stibethvliuni  .  .  .  SbAe^  =  Sb  .  4  (C^  H5  ) 
Stibamyl     ....     SbAiiig  =  Sb  .  3  [C^^  H„) 

The  compounds  SbMcg,  SbAcg,  and  SbAnig  are  obtained  by  dis- 
tilling the  iodide  of  methyl^  ethyl;,  or  amyl_,  with  antimonide  of 
potassium.  They  all  oxidize  very  rapidly;  and  therefore  in  preparing 
them,  the  same  precautions  must  be  taken  as  in  the  preparation  of 
cacouyl,  viz.,  to  exclude  the  air  completely,  and  conduct  the  whole 
operation  in  an  atmosphere  of  carbonic  acid. 

These  compounds  have  remarkably  strong  combining  tendencies, 
and  unite  at  ordinary  temperatures  with  oxygen,  sulphur,  selenium 
and  the  halogens,  the  act  of  combination  being  attended  with  con- 
siderable evolution  of  heat,  sufficient  in  the  case  of  stibmethvl  and 
stibethyl,  to  produce  inflammation. 

The  compounds  formed  with  the  elements  just  named,  resemble  in 
all  their  relations,  the  corresponding  potassium-compounds,  and  may 
be  transformed  one  into  the  other,  by  mutual  decomposition.  The 
so-called  basic  radicals,  however,  containing  3  eq.  of  methyl,  &c., 
combine  with  2  eq.  of  oxygen,  sulphur,  chlorine,  &c.,  a  character  by 
which  they  also  differ  from  cacodyl.  The  compounds  containing 
4  eq.  of  methyl  or  ethyl  are  precisely  analogous  to  ammonium, 
combining  only  with  1  eq.  of  oxygen,  sulphur,  chlorine,  &c.  These 
last-mentioned  compounds  are  formed  by  the  action  of  iodide  or 
bromide  of  methyl  or  ethyl  on  stibmethyl  or  stibethyl,  in  which  case 
the  haloid-compounds  SbMe^  T,  SbAe^  I,  &c.,  are  produced. 

Stibmetfnjl,  SbMe^. — This  compound  is  a  colourless,  heavy  liquid, 
which  has  peculiar  odour,  is  insoluble  in  water,  but  dissolves  sparingly 
in  alcohol,  and  readily  in  ether.  When  exposed  to  the  air,  it  give's 
off  thick  white  vapours,  takes  fire,  and  burns  with  a  blue  flame,  with 
separation  of  metallic  antimony. 

Stibmethylmm,  SblVIe^. — Not  yet  obtained  in  the  separate  state. 

Oxide,  of  Stibmethylium,  (SbMeJ  0  -I-  HO. — This  compound  is 
obtained  by  agitating  an  aqueous  solution  of  iodide  of  stibmethylium 
(SbMe4)  I,  M-ith  recently  precipitated  oxide  of  silver,  filtering'  from 
the  iodide  of  silver,  and  evaporating  the  filtrate  in  vacuo  over  sul- 
phuric acid.  '\Aliite  crystalline  mass,  having  a  highly  caustic, 
alkaline  taste,  and  analogous  in  all  its  relations  to  caustic  potash. 
Dissolves  readily  in  water  and  alcohol,  but  very  sparingly  in  ether. 
Volatilizes  unchanged  at  a  high  tem])eraturc.  Heated  with  potas- 
sium, it  gives  off  a  spontaneously  inflammable  gas.  This  base  saturates 
acids  completely,  forming  salts  precisely  corresponding  to  the  salts  of 
potash  ;  it  likewise  expels  ammonia,  and  even  baryta  and  lime,  as 
well  as  all  the  lieavv  metallic  oxides,  from  their  combinations.     The 
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|ivecipitatc  wlncli  it  forms  in  solutions  of"  zinc  and  alumina,  dissolves 
in  excess  of  the  precipitant.  From  copper-salts  it  throws  down 
hydrated  oxide  of  copper,  insoluble  in  excess  of  the  base,  and  does 
not  dissolve  a  trace  of  oxide  of  silver.  All  its  salts  have  a  bitter 
taste. 

SulpJiate  of  Stibmethylmm. — a.  Neutral.  (SbMe^)  0  .  SO3  or 
SbMcj  .  SO^. — Obtained  by  adding  sulphate  of  silver  to  an  alco- 
holic solution  of  the  iodine-compound,  filtering  from  the  iodide  of 
silver,  and  treating  the  filtered  liquid  with  a  mixture  of  alcohol 
and  ether;  or  by  adding  the  oxide  of  stibmethylium  to  a  concen- 
trated solution  of  the  acid  salt,  till  the  acid  reaction  disappears,  and 
then  mixing  the  aqueous  solution  with  alcohol  containing  ether.  It 
first  separates  in  oily  drops,  which  however  soon  solidify,  and  form 
rhombic  prisms. 

/3.  Acid  sulphate,  (SbMeJ  0  .  IIO  .  2  SO3  or  SbMe^  S0^  +  HSO^. 
— Obtained  by  evaporating  a  solution  of  the  neutral  salt  over  the 
Avater-bath.  Crystallizes  in  very  beautiful  square  tables  with  trun- 
cated summits ;  they  are  very  hard,  dissolve  readily  in  water,  and 
with  tolerable  facility  in  alcohol ;  their  taste  is  first  sharp,  and  after- 
wards bitter. 

Nitrate  of  Stibmethylium. — Formed  by  treating  a  solution  of  the 
iodide  with  nitrate  of  silver.  It  is  soluble  in  water ;  has  a  rough  and 
bitter  taste;  crystallizes  in  small  needles;  and  detonates  when 
heated. 

Bicarbonate  of  Stibmethylirnn,  (SblNIe^)  0  .  HO  .2  COg  or  SbMe^^ . 
CO3+HCO.,. — Formed  by  completely  saturating  the  pure  base  with 
carbonic  acid.  Crystallizes  in  small  needles  arranged  in  stellate 
groups.  Dissolves  easily  in  water,  has  a  slightly  alkaline  and  bitter 
taste,  and  gives  no  precipitate  with  neutral  magnesia-salts. 

Iodide  of  Stibmethylium,  SbMe^  I. — Formed,  as  above-mentioned, 
by  bringing  stibmethyl  in  contact  vnth  iodide  of  methyl.  Crystal- 
lizes in  very  beautiful  six-sided  tables,  easily  soluble  in  water  and 
alcohol,  sparingly  in  ether.  Its  taste  is  first  saline,  afterwards  bitter. 
When  heated  in  a  test-tube,  it  gives  off  vapours  Vv'hich  take  fire 
spontaneously  in  the  air,  antimonious  acid  being  separated  at  the 
same  time.  Acids  separate  iodine  from  this  compound;  the  iodine 
may  also  be  precipitated  by  silver-salts. 

Iodide  of  StiuinetJiyletiiylium,  SbMcg  Ae  .  I. — Obtained  by  mixing 
stibmethyl  with  iodide  of  ethyl;  it  closely  resembles  the  preceding- 
compound. 

Chloride  of  Stibmethylium,  SbMe^  CI. — Obtained  by  evaporating 
the  iodine  v;'\i\\  strong  hydrochloric  acid,  and  evaporating,  or  by 
decomposing  the  iodide  with  corrosive  sublimate;  but  the  best  mode 
of  obtaining  it,  is  to  saturate  a  solution  of  pure  oxide  of  stibmethy- 
lium with  hydrochloric  acid,  and  evaporate.     This  compound  forms 


ORGANIC    BASES    CONXAIiNliXG    ANTIMONY.  69 

wliite  crystals,  which  are  ciisil}'  soluble  in  water,  less  soluble  in 
alcohol,  and  quite  insoluble  in  ether ;  they  have  a  bitter  taste,  and, 
in  other  respects  are  precisely  analogous  to  the  iodine-compound. 


Stibethyl,  SbAeg  =  4  vol.  gas. — This  compound  forms  a  trans- 
parent, colourless,  extremely  mobile  liquid,  having  a  strong  refracting 
power,  and  a  disagreeable  alliaceous  odour,  which,  however,  is  very 
transient.  It  is  insoluble  in  water,  but  dissolves  readily  in  alcohol 
and  ether.  Does  not  solidify  at  —29°  C,  boils  at  158-5°.  Spec, 
grav.  =  1'3244.     Vapour-density  =  7'44. 

Oxide  of  Stibethyl,  (SbAcg)  0.-1-2  HO. — When  stibethyl  is  intro- 
duced in  a  fine  jet  into  oxygen  gas,  it  immediately  takes  fire,  and 
burns  with  a  dazzling  white  light ;  the  same  effect  is  produced  in  the 
air,  excepting  that  the  ignition  does  not  take  place  till  after  several 
seconds,  and  is  preceded  by  the  formation  of  a  thick,  white  fume.  If, 
however,  the  oxidation  proceeds  slowly,  a  transparent,  syrupy  mass  is 
obtained,  consisting  of  (SbAco)  O.-f  2  SbOg*  (the  so-called  ethylo- 
stybelic  acid).  The  oxide  is  obtained  in  a  state  of  puiity  by  precipi- 
tating the  sulphate  with  baryta-water,  and  separating  the  baryta 
which  still  remains  in  the  filtrate  by  carbonic  acid.  On  evaporating 
the  liquid,  the  oxide  remains  in  the  form  of  a  viscid,  transparent,  and 
perfectly  colourless  mass,  jDresenting  no  traces  of  crj'stallization.  It 
dissolves  readily  in  water  and  alcohol,  sparingly  in  ether ;  has  a  bitter 
taste,  is  not  poisonous,  and  does  not  excite  vomiting.  It  is  not 
volatile.  Oxide  of  stibethyl  behaves  like  an  inorganic  base,  and 
forms  with  acids,  a  number  of  crystallizable  salts  which  are  very 
soluble  in  water. 

Sulphate  of  Stibethyl,  (SbAe.,)  0.  .  2  SO.,,  is  obtained  by  decom- 
posing sulphide  of  stibethyl  with  sulphate  of  copper.  Crystallizes  in 
small,  white  prisms,  which  are  inodorous,  have  an  acid  reaction,  a 
bitter  taste,  and  are  soluble  in  water  and  alcohol. 

Nitrate  of  Stibethyl,  (SbAe^)  O.  .  2  NO^.— Stibethyl  takes  fire 
with  explosion  when  brought  in  contact  with  fuming  nitric  acid.  In 
dilute  nitric  acid,  it  dissolves  like  a  metal,  with  evolution  of  nitric 
oxide  gas.  This  salt  crystallizes  from  its  aqueous  solution,  bv  spon- 
taneous evaporation,  in  large,  trans])arent,  rhomboidal  crystals,"  which 
dissolve  easily  in  water  and  alcohol,  have  an  acid  reaction,  a  bitter 
taste,  and  fuse  at  62'5°.     It  deflagrates  when  heated. 

*  This  is  the  formula  given  in  Lowij^'s  reoently  published  Grundriss  i/cr  Org. 
Chem.  But  in  the  original  paper  hy  Lowig  and  Sciiweitzer  (Ann.  Ch.  Pharm. 
LXXV),  it  is  stated  that  the  slow  oxidation  of  stibethyl  yields  two  products,  viz., 
a  syrupy  mass  consisting  of  oxide  of  stibethyl  (SbAca)  0.„  and  a  white  pow.jpr  insohible 
in  ether,  consisting  of  (SbAe)  O.,.  This  latter  compound"  is  called  Adhyktib<jhuurc,  the 
radical  SbAi;  being  called  Aelhyl.stiljyl. 
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Sulphide  of  Stibethyl,  (SbAe3)  So- — When  an  ethereal  solution  of 
stibethyl  is  boiled  with  washed  flowers  of  sulphur,  aud  the  warm 
ethereal  solution  decanted  from  the  excess  of  sulphur,  the  whole 
liquid  solidifies  in  a  few  minutes,  forming  a  mass  of  dazzling  white 
crystals,  which  smell  like  mercaptan,  dissolve  easily  in  water  and 
alcohol,  and  when  heated  above  100°,  fuse  into  a  colourless  liquid. 
The  introduction  of  a  piece  of  potassium  into  the  fused  sulphide  of 
stibethyl,  causes  an  immediate  evolution  of  vapours  of  stibethyl.  The 
solution  of  sulphide  of  stibethyl  precipitates  all  metallic  salts  as  sul- 
phides; dilute  acids  immediately  decompose  it,  with  evolution  of 
sulphuretted  hydrogen.  Sulphide  of  stibethyl  is  not  volatile.  With 
SbSg  it  forms  a  yellow,  insoluble  compound,  which  smells  like  mer- 
captan, and  contains  (SbAcg)  S.2  +  2  SbSg. 

Selenide  of  Stibethyl. — Similar  in  composition  and  properties  to 
the  sulphide ;  it  sufl'ers  decomposition,  however,  when  exposed  to  the 
air,  selenium  being  separated. 

Iodide  of  Stibethyl,  (SbAeg)  L. — Formed  by  adding  iodine  in 
small  quantities  to  an  alcoholic  solution  of  stibethyl,  as  long  as  its 
colour  disappears,  and  then  diluting  the  alcoholic  solution.  Crys- 
tallizes in  long,  perfectly  colourless  needles  ;  has  a  faint  odour,  a 
bitter  taste,  and  is  easily  soluble  in  water,  alcohol,  and  ether;  fuses 
at  70°,  and  may  be  sublimed  by  careful  heating.  With  chlorine, 
bromine,  acids,  and  metallic  salts,  it  behaves  exactly  like  iodide  of 
potassium ;  nitrate  of  silver  immediately  forms  with  it  a  precipitate 
of  iodide  of  silver. 

Bromide  of  Stibethyl,  (SbAcg)  Brj. — When  bromine  is  added  drop 
by  dr.op  to  stibethyl,  each  drop  produces  combustion.  But  by  adding 
bromine  in  very  small  quantities,  as  long  as  its  colour  disappears,  to 
an  alcoholic  solution  of  stibethyl,  which  must  be  kept  cold,  and  then 
mixing  the  solution  with  a  large  qiiantity  of  water,  bromide  of  sti- 
bethyl separates  in  the  form  of  a  perfectly  colourless,  transparent 
liquid,  which  at  — 10°,  solidifies  in  a  snow-white,  crystalline  mass.  It 
has  an  unpleasant  odour,  like  that  of  turpentine,  excites  a  copious 
flow  of  tears  when  heated ;  is  insoluble  in  water,  but  dissolves  readily 
in  alcohol  and  ether;  it  is  not  volatile.  In  its  chemical  relations, 
it  is  precisely  analogous  to  bromide  of  potassium. 

Chloride  of  Stibetliyl,  (SbAeg)  CI2. — When  stibethyl  is  dropped 
from  a  narrow  tube  into  a  flask  filled  with  chlorine,  it  takes  fire  at  the 
instant  of  contact.  Hydrochloric  acid  gas  is  decomposed  by  stibethyl, 
^^■|th  evolution  of  hydrogen  and  formation  of  chloride  of  stibethyl ; 
the  same  action  takes  place  when  strong  hydrochloric  acid  is  poured 
upon  stibethyl.  On  mixing  a  solution  of  nitrate  of  stibethyl  with 
strong  hydrochloric  acid,  chloride  of  stibethyl  immediately  separates 
in  the  form  of  a  colourless,  strongly  refracting  liquid.  It  smells  like 
turpentine,  tastes  bitter,  is  insoluble  in  water,  but  dissolves  readily 
in  alcohol  and  ether;  does  not  liquefy  at  — 12°.      Sp.  gr.  =  r540. 
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It  is  not  volatile.     In  its  chemical  relations,  it  resembles  chloride 
of  potassium. 

Stibethylium,  SbAe^. — Known  as  yet  only  in  the  form  of  iodide, 
which  is  obtained  by  adding  iodide  of  ethyl  to  stibethyl.  The  iodide 
crystallizes  in  long  beautiful  needles,  which  are  easily  soluble  in  water 
and  alcohol. 


Stibamijl,  Sbxinig. — Clear,  colourless  liquid,  which  fumes  in  the 
air,  but  without  taking  fire.  It  forms  compounds  analogous  to  those 
of  stibethyl,  but  they  are  all  liquid  and  insoluble  in  water. 


Bismethyl  or  Bismuthide  of  Ethyl:*  BiAe3.  Bismetbyl  is  ob- 
tained in  the  same  manner  as  stibethyl,  bismuthide  of  potassium 
being  substituted  for  the  antimonide.  Forms  a  slightly  yellow, 
very  mobile  liquid,  of  sp.  gr.  1"80,  which  can  only  be  distilled 
with  water.  Has  a  disagreeable  odour,  like  that  of  stibethyl,  and 
produces,  even  if  only  traces  of  it  are  inhaled,  an  extremely  un- 
pleasant, burning  sensation  on  the  tongue.  When  exposed  to  the 
air,  it  emits  dense  vapours,  and  takes  fire,  diffusing  a  thick  yellow 
smoke  of  oxide  of  bismuth.  With  oxygen,  the  halogens,  and  sulphur, 
it  combines  in  the  same  proportions  as  stibethyl ;  but  the  resulting 
compounds  are  less  permanent ;  for  instance,  when  an  alcoholic  solu- 
tion of  iodide  of  bismethyl  is  left  to  stand  for  awhile,  pure  iodide  of 
bismethyl  separates  out.  Bismethyl  when  heated  alone,  is  decom- 
posed, with  separation  of  bismuth  and  evolution  of  gaseous  products. 
If  suddenly  exposed  to  a  high  temperature,  it  explodes  with  great 
violence. 


Observations  on  Telluric  Etiiyl,  or  TcUurifle  of  Etliyl. 
By   W.   Mallet.t 

Wcihler,  in  his  notice  upon  telluride  of  ethyl, J  states  that  it  is 
dissolved  by  nitric  acid  with  evolution  of  nitric  oxide,  and  that  on 
addijig  hydrochloric  acid  to  this  solution,  a  heavy  colourless  liquid 
is  precipitated  in  oily  drops.  The  nature  of  this  liquid  was  not 
further  investigated. 

Mallet,  in  pursuing  this  subject,  has  found  that  telluride  of  ethyl 

*  J;(j\\ig.     (inmdriss  (lev  Oigatiibchcii  Chciiiie.  !S,  386. 
t  Ann.  Cli.  I'lianii.  LXXIX,  223. 
t  ll)id.  .\.\XV,  112. 
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behaves  like  an  organic  radical.  The  substance  was  prepared  by 
Wohlcr's  processj  viz.,  by  distilling  a  concentrated  solution  of 
sulphovinate  of  baryta  with  tclluride  of  potassium.  Its  vapour  has 
an  intense  yellow  colovu*. 

In  attempting  to  prepare  a  telluric  mercaptan,  C^  Hg  Tco,  by  dis- 
solving in  water  a  mixture  of  sulphovinate  of  baryta  and  telluride  of 
potassium  in  a  flask  previously  filled  with  hydrogen  gas,  then  satu- 
rating the  solution  with  telluretted  hydi-ogen,  and  distilling,  the  only 
product  at  first  obtained  was  monotelluride  of  ethyl,  C^  H.  Te.  But 
on  continuing  the  distillation  at  a  stronger  heat,  another  liquid  passed 
over  with  the  water,  distinguished  from  the  former  by  much  greater 
density,  higher  boiling-point,  and  an  intense  red  colour,  so  that  even 
in  small  masses,  it  appeared  black  and  opaque,  like  bromine;  it  had 
an  offensive  odour.  Analysis  showed  it  consisted  of  hitelluride  of 
ethyl,  C.HjTe^. 

Nitrate  of  Telluric  Ethyl.—C^  H5  TeO  .  NO^ — When  a  solution 
of  monotelluride  of  ethyl  in  nitric  acid  is  evaporated  to  diyness  at  a 
gentle  heat,  there  remains  a  white,  ciystalline  mass,  which  dissolves 
perfectly  in  water,  and  burns  away  like  gunpowder  when  heate'd. 
Alkalies  produce  no  precipitate  in  solutions  of  this  salt,  because 
the  base  C^  H5  TeO,  is  soluble  in  water.  Sulphurous  acid,  on  the 
contrary,  immediately  reduces  the  radical,  which  separates  in  dark- 
red  drops.  Sulphuretted  hydrogen  produces  an  orange-coloured  pre- 
cipitate, which,  on  heating  the  liquid,  fuses  into  hea\y  black  drops, 
doubtless  consisting  of  the  sulphur-compound  of  telluride  of  ethyl  = 
C^HgTeS. 

Ohloride  of  Telluric  Ethyl,  C^  H.  TeCl,  separates  in  the  form  of 
a  colourless  oil,  on  the  addition  of  hydrochloric  acid  to  a  solution  of 
telluride  of  ethyl  in  nitric  acid.  At  first,  the  liquid  becomes  milk- 
white,  but  the  compound  soon  collects  in  large,  transparent  drops, 
which  sink  in  the  water.  It  has  an  offensive  odour.  It  may  be 
distilled  without  decomposition,  but  its  boiling-point  appears  to  be 
veiy  high,  for  when  distilled  with  water,  it  passes  over  very  slowly. 
By  analysis,  it  was  found  to  contain  50- 5 5  per  cent  of  tellurium,  and 
27*07  of  chlorine,  the  calculated  numbers  being  49'81  Te  and 
27-63  CI. 

Oxide  of  Telluric  Ethyl,  C^  Hg  TeO,  is  formed  by  treating  the 
chloride  immersed  in  water  with  i-ecently  precipitated  oxide  of  silver. 
The  liquid  becomes  warm,  and  chloride  of  silver  is  formed.  The 
filtered  liquid  is  a  solution  of  the  oxide  of  telluric  ethyl  in  water ;  and 
on  evaporation  at  a  gentle  heat,  the  oxide  remains  in  the  form  of  a 
colourless,  highly  crystalline  mass.  The  aqueous  solution  exhibits  an 
alkaline  reaction  with  turmeric.  The  oxide,  when  heated  in  a  tube,  is 
decomposed,  with  separation  of  metallic  tellurium,  and  formation  of  an 
oil  having  an  offensive  odour.  When  heated  in  the  air,  it  burns  with 
a  blue  flame  like  tellurium.     Sulphurous  acid  decomposes  the  solution, 
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and  separates  tlie  telluride  of  ethyl  in  red  drops.  Hydrochloric  acid 
tln'ows  down  the  chloride  in  colourless  drops. 

The  oxide  is  likewise  formed  by  direct  oxidation  of  an  alcoholic 
solution  of  telluric  ethyl  in  the  air;  the  process  is,  however,  too  slow 
to  be  practically  available.  It  is  likewise  obtained  in  the  form  of 
a  sulphate,  by  treating  telluride  of  ethyl  with  peroxide  of  lead  and 
dilute  sulphuric  acid. 

The  solution  of  the  oxide  gives  a  yellow  precipitate  with  chloride  of 
platinum,  and  white  with  coiTOsive  sublimate.  When  it  is  mixed 
with  chloride  of  ammonium — the  solutions  not  being  too  dilute — 
ammonia  is  set  free,  and  after  a  short  time,  a  salt  separates  in  small 
crystals  arranged  in  stellate  groups,  and  having  exactly  the  form  and 
the  angles  of  gypsum.  This  salt  dissolves  readily  in  hot  water,  and 
crystalhzes  out  agam  unaltered  on  cooling.  By  analysis,  it  was  found 
to  contain  26*73  per  cent  of  tellurium  and  15'45  of  chlorine,  numbers 
v/hich  appear  to  agree  only  with  the  formula  C^  H^  TeCl  +  2  NH*  CI, 
and  with  the  supposition,  that  in  the  decomposition  with  the  silver- 
salt,  only  one-third  of  the  chlorine  is  separated.  But  whether  this  is 
really  the  case,  and  what  other  compound  is  thereby  formed,  the 
author  was  unable  to  decide  for  want  of  material. 


Examination  of  certain  products  obtained  from  Hippuric  Acid. 
By  W.   Socoloff  and  A.   Streclier.* 

There  are  few  organic  acids  whose  rational  constitution  has  given 
rise  to  so  many  different  opinions  as  that  of  hippuric  acid.  From 
the  decomposition  which  this  acid  undergoes  by  the  action  of  per- 
oxide of  lead,  whereby  it  is  converted  into  benzamide  and  carbonic 
acid,  Fchling  regarded  it  as  a  compound  of  benzamide  with  an  acid 
(fumaric  acid)  convertible  into  carbonic  acid  by  addition  of  oxygen : 
thus 

C,8  Hp  NOe  =  C,,  H,  NO^  +  C,  H^  O^. 

Hippuric  acid.  Benzamide.  Fumaric  acid. 

This  view  of  the  decomposition,  however,  is  not  quite  satisfactory, 
inasmuch  as  fumaric  acid  is  not  altered  by  boiling  with  water  and 
peroxide  of  lead. 

Pclouze  regarded  the  composition  of  hippuric  acid  as  follows: 

Ci3  He,  NOg  =  C^H,  0^^  +  C2  HN  -h  C.,  H,  0,. 

Hippuric  acid.  Bitter  almond       Hydrocy-        Formic  acid, 

oil.  auie  acid. 

*  Ann.  Ch.  Phaim.  LXXX,  17. 
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This  view  of  its  constitution  is  based  principally  on  the  evolution 
of  hydrocyanic  acid  in  the  dry  distillation  of  hippuric  acid,  and  on 
the  formation  of  benzoic  acid,  carbonic  acid,  and  ammonia,  on  treating 
hippuric  acid  with  sulphuric  acid  and  peroxide  of  manganese. 

Since,  however,  the  acids  composed  of  formic  acid  conjugated 
with  aldehydes  (lactic,  mandelic  acid,  &c.)  give  up  the  aldehydes  in  the 
free  state  under  similar  circumstances,  it  follows  that  the  constitution 
of  hippuric  acid  assigned  by  Pelouze,  is  not  in  accordance  with  its 
decomposition. 

After  Dessaignes  had  found  that  hippuric  acid  is  resolved,  by 
the  action  of  strong  boiling  acids  and  alkalies,  into  benzoic  acid  and 
glycocol,  the  majority  of  chemists  were  inclined  to  regard  it  as  a 
conjugated  compound  of  those  two  substances.  But  npon  that  sup- 
position, as  correctly  observed  by  Berzelius,  the  transformation 
effected  by  peroxide  of  lead  becomes  unintelligible. 

These  different  views  of  the  constitution  of  hippuric  acid  suppose 
that  there  exists  in  this  acid  a  group  of  atoms  containing  14  equivs. 
of  carbon — that  is  to  say  a  benzoyl  group — together  with  a  second 
group  which  contains  4  equivs.  carbon,  and,  under  particular  circum- 
stances, may  be  resolved  into  two  other  bodies,  each  containing 
2  equivs.  of  carbon. 

Since,  however,  the  nitrogen  may  be  transferred  to  the  one  or  the 
other  group  of  atoms,  according  to  the  action  to  which  the  hippuric 
acid  is  subjected,  it  appears  more  conformable  with  the  behaviour  of 
this  acid,  to  regard  the  nitrogen  as  more  intimately  combined,  not 
with  either  of  these  groups  of  atoms  alone,  but  with  the  conjugated 
compound  resulting  from  their  union,  and  consequently  to  regard 
hippuric  acid  as  an  amide  of  the  conjugated  acid,  Cjg  Hg  Og.  This 
acid  cannot  well  be  separated  by  the  action  of  alkalis  or  acids  on  the 
amidogen-acid,  because  the  conjugated  acid  thereby  suffers  decomposi- 
tion. Nitrous  acid,  however,  separates  the  non-uitrogeneous  acid  (as 
previously  shown  by  one  of  the  authors  of  this  paper*),  acting  in  fact 
in  this  instance  as  it  does  upon  other  amidogen-compounds.  To 
this  acid,  whose  composition  is  expressed  by  the  formula  just  stated, 
the  authors  give  the  name  of  Benzoglycolic  acid.  The  present  me- 
moir contains  a  more  particular  examination  of  this  acid,  together 
with  its  salts  and  products  of  decomposition. 

The  hippuric  acid  used  in  the  pi'cparation  was  obtained  from 
horses^  urine,  by  Gregory's  process  somewhat  modified,  viz.,  by 
boiling  the  urine  for  a  short  time  with  milk  of  lime,  then  straining 
the  liquid,  carefully  neutralizing  it  with  hydrochloric  acid,  concen- 
trating at  a  boiling  heat,  and  adding  hydrochloric  acid  after  cooling. 
The  hippuric  acid  thus  obtained,  after  being  washed  with  cold  water, 
■was  nearly  white,  with  only  a  faint  tinge  of  red. 

*  Ann.  Ch.  Pharm.  LXVIII,  54. 
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Ilippuric  acid  does  not  act  upon  an  aqueous  solution  of  nitrate  of 
potash,  neither  is  any  action  produced  by  dissolving  it  in  strong  sul- 
phuric acid,  and  passing  nitrous  acid  (evolved  from  nitric  acid  and 
starch)  through  the  solution.  But  when  nitrous  acid  is  passed  into  a 
warm  aqueous  solution  of  hippuric  acid  in  which  powdered  hippuric 
acid  is  suspended,  decomposition  takes  place,  attended  with  evolution 
of  nitrogen.  This  method,  however,  is  not  advantageous,  because  a 
large  portion  of  the  nitrous  acid  is  resolved  into  nitric  oxide  and 
nitric  acid,  which  latter  substance  decomposes  the  new  acid  at  the 
temperature  of  the  liquid.  The  following  method  was  found  to  yield 
the  best  results. 

The  hippuric  acid,  dried  in  the  air  and  pulverized,  was  mixed  in  a 
mortar  with  a  quantity  of  commercial  nitric  acid,  sufficient  to  form  it 
into  a  thin  paste.  The  mass  was  then  put  into  a  tall  glass  cylinder  (so 
as  to  form  a  long  column  of  liquid),  and  nitric  oxide  gas  (evolved  from 
copper  and  nitric  acid)  passed  through  it  at  a  moderate  rate.  As  a 
strong  effervescence  takes  place,  the  cylinder  must  not  be  more  than 
half  filled  with  the  liquid.  The  hippuric  acid  then  dissolves,  and 
bubbles  of  nitrogen  are  evolved  from  the  liquid.  The  termination  of 
the  action  cannot  be  very  accurately  observed,  but  the  passage  of  the 
gas  may  be  continued  till  the  liquid  assumes  a  distinct  green  colour; 
an  excess  of  nitric  oxide  is  not  injurious,  bxit  rather  beneficial,  inas- 
much as  it  removes  a  portion  of  the  solvent.  The  operation  is  com- 
plete in  five  or  six  hours,  and  does  not  require  the  application  of  heat. 
Fart  of  the  benzoglycolic  acid  separates  from  the  solution  even  during 
the  passage  of  the  gas,  but  the  greater  portion  is  precipitated  on  the 
addition  of  water.  The  liquid,  which  has  become  warm,  is  then  left 
to  cool,  and  filtered  through  a  paper  filter  doubled  at  the  apex,  and 
the  benzoglycolic  acid  is  w'ashed  on  the  filter  with  water  as  cold  as 
can  be  obtained. 

The  benzoglycolic  acid  thus  produced  is  impure  and  has  a  slight 
yellow  colour.  It  is  purified  by  converting  it  into  a  lime-salt,  and 
decomposing  this  salt  with  hydrochloric  acid.  For  this  purpose,  the 
crude  acid  is  suspended  in  watei",  and  neutralized  with  milk  of  lime. 
It  then  solidifies  in  a  few  minutes  to  a  solid  mass ;  but  on  the  appli- 
cation of  heat,  the  lime-salt  dissolves,  and  separates  out  from  the 
filtered  liquid  on  cooling,  in  very  long,  fine  needles,  which  are  yellow 
at  first,  from  enclosed  mother-liquor,  but  after  washing  with  cold 
water,  and  strong  pressure,  become  perfectly  colourless.  The  nitric 
acid  diluted  with  water  retains  a  considerable  quantity  of  benzogly- 
colic acid  in  solution.  This  portion  may  be  separated  by  neutralizing 
with  carbonate  of  potash  ;  concentrating  at  a  boiling  heat ;  decanting 
the  liquid  from  the  nitrate  of  potash  which  separates  out  on  cooling ; 
concentrating  again  ;  and  mixing  this  last  mother-liquid,  which  con- 
tains nearly  all  the  bcnzoglycolate  of  potash,  with  strong  nitric  acid. 
The  crystals  which  separate  consist  of  bcnzoglvcolic  acid  gonerallv 
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contaminated  with  benzoic  acid^  to  remove  which,  one  half  of  the 
mixture  is  neutralized  with  milk  of  lime,  the  other  half  then  added, 
and  the  mixture  evaporated  to  dryness.  The  benzoglycolic  acid  then 
remains  in  combination  with  the  lime,  while  the  benzoic  acid  is  set 
free  and  may  be  dissolved  out  by  ether  in  Payen^s  extraction-appa- 
ratus. The  benzoglycolate  of  lime  which  remains  is  perfectly  pure 
and  white. 

To  obtain  the  pure  acid,  the  lime- salt  is  dissolved  in  water,  and 
mixed  in  the  cold  with  hydrochloric  acid,  whereupon  the  acid  sepa- 
rates in  the  form  of  a  light,  perfectly  white  powder.  Larger  crystals 
arc  obtained  by  dissolving  the  lime-salt  in  alcohol,  adding  sulphuric 
acid,  filtering,  and  leaving  the  liquid  to  evaporate  freely.  The  acid 
then  separates  in  tolerably  large,  colourless  prisms,  with  dihedral 
angles  of  37°  40'  and  142°  20',  and  flattened  into  thin  tables  by  the 
excessive  development  of  two  of  the  prismatic  faces. 

The  crystals  separated  from  the  alcoholic  solution  lost  no  weight  at 
100°;  their  analysis  yielded  the  following  results  : 

Calculation.  Mean  of  experiments. 

Ci8  108  6000  60-09 

Hg  8  4-44  4-66 

O.  64  35-56  35-25 


CigHgOg  180  J  0000  10000 

Benzoglycolic  acid  is  very  sparingly  soluble  in  cold  water,  but 
dissolves  more  readily  in  hot  water,  by  which  also  it  is  gradually 
decomposed.  Heated  with  a  quantity  of  water  not  sufficient  to  dis- 
solve it,  it  fuses  into  oily  drops.  It  dissolves  readily  in  alcohol  and 
ether.  When  heated  on  platinum-foil,  it  fuses,  and  solidifies  again 
in  the  crystalline  state  in  cooling.  When  strongly  heated,  it  gives 
off  vapours  which  excite  coughing  and  smell  of  benzoic  acid,  leaving 
a  coaly  residue  which  easily  burns  away  at  a  red  heat. 

SALTS    OF    BENZOGLYCOLIC    ACID. 

These  salts  are  mostly  soluble  in  water,  and  many  of  them  also  in 
alcohol.  They  have  a  neutral  reaction  and  a  faint  but  peculiar  taste. 
From  the  aqueous  solutions,  most  of  the  stronger  acids,  and  even 
acetic  acid,  throw  down  benzoglycolic  acid  in  small  crystals. 

Benzoglycolate  of  potash  is  obtained  by  exactly  saturating  the  acid 
with  carbonate  of  potash,  or  by  decomposing  the  lime-salt  with  car- 
bonate of  potash.  It  dissolves  readily  in  water  and  alcohol,  and 
crystallizes  with  difficulty  and  indistinctly.  From  a  solution  satu- 
rated while  hot,  it  crystallizes,  on  cooling,  in  extremely  thin  and  very 
broad  tables.  By  spontaneous  evaporation,  it  is  obtained  in  cauli- 
flower-like masses. 
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Beazoglycolate  of  soda  crystallizes  much  more  readily  than  the 
potash-salt,  and  separates  on  cooling  from  a  hot  saturated  solution 
in  tolerably  large,  rhombic  tables,  whose  composition  is :  NaO  . 
Cjg  H7  Oy  +  GAq.     The  whole  of  the  water  is  given  off  at  100°. 

Tlie  ammonia-salt  is  prepared  like  the  potash-salt ;  it  gives  off 
ammonia  when  evaporated. 

Benzoylycolate  of  lime  is  obtained,  as  already  described,  by  satu- 
rating the  free  acid  with  milk  of  lime.  It  possesses  in  the  highest 
degree,  the  property  of  forming  super-saturated  solutions,  so  that 
sometimes,  perfectly  cold  solutions  from  which  part  of  the  salt  has 
already  crystallized  out,  become  turbid  while  being  strained  through 
a  fine  cloth,  and  in  a  few  minutes  solidify  to  a  thick  jelly.  If 
the  liquid  be  then  filtered,  the  mother-liquor  generally  solidifies 
again  after  a  while.  The  salt  forms  fine  silky  needles  grouped  like 
Wavellite.  The  crystals  are  permanent  in  the  air,  lose  no  weight  at 
100°,  but  give  off  1  atom  water  at  120  °C.  Their  formula  is  CaO  . 
Cjg  Hy  Oy  +  Aq.  100  parts  of  water  dissolved  2'36  parts  of  the  salt 
at  11°  C,  and  13-26  parts  at  100°. 

Benzoghjcolate  of  baryta  crystallizes  like  the  lime-salt  in  silky 
crystals.  It  contains  2  atoms  water  of  crystallization  w^hich  it  gives 
off  at  100°. 

Benzoghjcolate  of  magnesia  is  obtained  by  mixing  the  boiling 
solutions  of  benzoglycolate  of  lime  and  sulphate  of  magnesia,  and 
exhausting  the  solidified  mass  wdth  absolute  alcohol.  The  salt  crys- 
tallizes by  evaporation  and  cooling  in  extremely  fine  soft  needles,  and 
consequently  forms  a  very  bulky  mass. 

Benzoglycolate  of  ferric  oxide. — When  solution  of  benzoglycolate 
of  lime  is  mixed  with  sesquichloride  of  iron,  a  bulky  non-crystalline 
flesh-coloured  precipitate  is  obtained,  which  becomes  darker  on  the 
surface  when  exposed  to  the  air.  It  is  perfectly  insoluble  in  water. 
When  dried  in  the  air,  it  contains  28  atoms  water  which  are  all  driven 
off  at  100°.     The  formula  is  :  2  Fe^  O3  .  3  (C^g  H^  0^)  +  28  Aq. 

Benzoglycolate  of  zinc  is  obtained  on  mixing  the  lime-salt  with 
chloride  of  zinc,  in  long,  thin,  colourless  needles,  grouped  in  stellate 
masses.  The  crystals  contain  ZnO  .  Cjg  11^  07-[-4  Aq. ;  the  whole  of 
the  water  escapes  at  100°. 

Benzoglycolate  of  cujjper  is  obtained  by  mixing  a  boiling  solution 
of  the  lime-salt  with  nitrate  of  copper.  It  crystallizes  in  beautiful  blue 
rhombic  tables,  very  sparingly  soluble  in  cold  water,  somewhat  more 
soluble  in  hot  water.  On  heating  the  crystals  with  a  quantity  of 
water  not  suflficient  to  dissolve  them,  the  undissolved  portion  is  con- 
verted into  a  green  powder,  probably  consisting  of  the  anhydrous 
salt.  At  100°  the  crystals  become  green  and  opaque,  but  the  faces 
retain  their  lustre. 

Lead-salts. — a.  Sesquibasic. — A  cold  solution  of  benzoglycolate  of 
lime  is  precipitated  in  curdy  flakes  by  neutral  acetate  of  lead.     The 


78  MESSRS.    SOCOLOFF    AND    STRECKER    ON    CERTAIN 

precipitate  is  sparingly  soluble  iu  cold  water;  when  heated  with 
water,  it  first  melts,  then  dissol\es  completely,  and  separates  again 
on  cooling.  The  first  deposit  is  amorphous,  but  after  cooling  the 
lead-salt  separates  in  crystals.  On  digesting  the  original  curdy  pre- 
cipitate in  a  large  quantity  of  cold  water,  filtering,  and  leaving  the 
solution  to  spontaneous  evaporation,  the  salt  was  obtained  after  a 
few  days  in  crystals  united  in  dense,  hemispherical  masses.  These 
crystals  contain  3  atoms  water  which  are  given  off  at  100°,  the  anhy- 
drous salt  fusing  at  the  same  time.     Their  composition  is :  3  PbO  . 

/3.  Monobasic. — The  mother-liquor  from  which  the  preceding 
salt  had  separated,  yielded  after  long  standing,  a  quantity  of  thin, 
short,  soft  needles,  grouped  in  stellate  masses.  These  crystals  were 
easily  separated  from  the  former  salt  by  levigation.  They  are  anhy- 
drous, their  formula  being,  PbO  .  Cjg  H^  Oy. 

y,  Sexhasic. — A  boiling  solution  of  the  lime-salt,  mixed  with 
neutral  acetate  of  lead,  yields  an  amorphous  white  precipitate,  which 
is  almost  wholly  soluble  in  acetic  acid :  it  is  a  mixture  of  several 
basic  salts.  But  when  a  cold  solution  of  benzoglycolate  of  lime  is 
mixed  with  basic  acetate  of  lead,  a  flocculent  precipitate  is  formed 
which  does  not  fuse  when  boiled  in  water,  and  is  but  very  slightly 
soluble  in  water.  The  precipitate,  after  partial  washing,  was  immersed 
in  cold  water,  the  solution  filtered,  and  then  left  to  stand.  In  a  few 
days,  crystals  were  separated,  having  the  appearance  of  the  neutral 
salt,  and  mixed  with  a  small  quantity  of  carbonate  of  lead  from  which 
they  were  separated  by  levigation.  Their  composition  was  found  to 
be :  6PbO  .  C^g  H^  O7  +  2  HO  ;  the  water  was  given  off  at  100°.  The 
lead  precipitates  obtained  by  direct  precipitation  are  always  mixtures 
of  several  basic  lead-salts. 

Benzoglycolate  of  silver. — When  a  neutral  solution  of  the  lime-salt 
is  mixed  with  nitrate  of  silver,  the  resulting  precipitate  washed  with 
a  small  quantity  of  cold  water,  then  dissolved  in  boiling  water,  and 
the  solution  left  to  cool,  fine  white  microscopic  crystals  are  ob- 
tained, which  soon  blacken  when  exposed  to  daylight.  When  pre- 
pared by  artificial  light,  the  salt  is  perfectly  white.  Its  formula  is  : 
AgO.C,3H,0-. 

Benzogly colic  ether. — An  alcoholic  solution  of  benzoglycolic  acid 
left  to  stand  for  some  time,  evolves  a  peculiar  odour,  probably  arising 
from  the  formation  of  a  compound  ether.  But  on  passing  dry  hydro- 
chloric acid  into  an  alcoholic  solution  of  the  lime-salt,  in  which  a 
quantity  of  the  solid  salt  was  suspended,  and  afterwards  adding 
watei',  an  oily  liquid  separated  which  was  found  to  consist  almost 
wholly  of  benzoic  ether ;  the  benzoglycolic  acid  therefore  had  been 
decomposed  by  the  hydrochloric  acid. 

Prom  the  preceding  description  of  the  salts  of  benzoglycolic  acid. 
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it  appears  that. this  acid,  HO  .  Cjy  H-  0-  contains  1  equiv.  of  water 
which  can  be  replaced  by  metalhc  oxides,  and  moreover  saturates 
the  same  quantity  of  base  as  the  liippuric  acid  from  which  it  is 
produced.  Its  production  from  hippuric  acid  is  expressed  by  the 
equation : 

fig  HgNOe  +  NO3  =^Hs_08  +  HO  +  2N, 

Hippuric  acid.  Benzogljcolic 

acid. 

and  is  therefore  perfectly  analogous  to  the  formation  of  other  acids 
from  their  amides.  The  saturating  power  is,  however,  remarkable ; 
for  in  most  cases  the  amidogen-acid  saturates  1  equiv.  of  base  less 
than  the  free  acid.  Nevertheless  the  case  of  benzoglycolic  acid  is 
not  quite  peculiar ;  for  the  same  relation  is  observed  between 
aspai'tic  acid  and  malic  acid  produced  from  it  by  a  reaction  similar 
to  the  above,*  also  between  salicylic  acid  and  its  amide. 

This  saturating  power  shows  a  remarkable  difference  between  the 
oi'dinai-y  amides  and  amidogen-acids,  and  the  bodies  which  stand 
nearest  to  this  group,  viz.,  hippuric  acid,  alanin,  anthranilic  acid,  &c. 
though  both  exhibit  the  same  deportment  towards  nitrous  acid. 


PRODUCTS    OF    DECOMPOSITION. 

It  has  been  already  mentioned  that  benzoglycolic  acid  is  generally 
decomposed  by  boiling  its  aqueous  solution  with  water ;  its  salts  are 
also  decomposed  in  the  same  manner,  but  much  more  slowly.  The 
acid  is  much  more  quickly  decomposed  when  heated  with  dilute  acids, 
benzoic  acid  volatilizing  with  the  watery  vapours,  and  a  new  acid 
remaining  in  solution. 

To  examine  this  new  product,  benzoglycolic  acid  was  boiled  for 
some  days  with  water  to  which  a  small  quantity  of  sulphuric  acid 
was  added,  the  water  being  replaced  as  it  evaporated.  A  large 
quantity  of  benzoic  acid  volatilized  with  the  watery  vapour,  and  on 
concentrating  to  a  small  bulk  and  leaving  the  solution  to  cool,  a 
further  quantity  of  that  acid  crystallized  out.  The  mother-liquor 
was  neutralized  with  carbonate  of  baryta,  filtered  from  the  precipi- 
tated sulphate,  evaporated  to  a  syrupy  consistence,  and  left  to  stand 
for  several  days.  A  salt  then  separated  in  white  hard  crystalline 
crusts,  which  gave  by  analysis  results  nearly  agreeing  with  the 
formula : 

BaO  .  C^  H3  O5. 

The  acid  contained  in  this  salt,  which  in  the  anhydrous  state  has 
the  formula  C4  H3  0-,  or  in  the  hydrated  state,  C^  H.^  Og,  agrees 

*  Ann.  Ch.  Pharm.  LXXV,  296. 
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with  that   to  which  Laurent*  assigns   the   name  of  Glycolic  acid, 
because  glycocol  may  be  regarded  as  its  amide. 

C,  H,  Og  +  NH3  =  C,  II5  NO,  +  2  HO. 

Glycolic  acid.  Glycocol. 

This  acid,  however,  had  not  been  previously  prepared. 

To  separate  the  acid  from  its  baryta-salt,  the  aqueous  solution  of 
that  salt  is  treated  with  dilute  sulphuric  acid,  filtered,  and  the  filtrate 
evaporated  over  the  water-bath.  The  syrupy  residue  dissolves  com- 
pletely in  ether,  and  on  evaporating  the  ether,  the  acid  is  again 
obtained  in  the  form  of  a  thin  syrup  which  refuses  to  crystallize. 

Glycolic  acid  is  miscible  in  all  proportions  with  water,  alcohol  and 
ether.  It  has  a  strongly  sour  taste,  and  does  not  give  a  precipitate 
with  any  metallic  salt.  In  all  its  properties  it  bears  the  closest  re- 
semblance to  lactic  acid ;  indeed,  the  only  reaction  which  distinguishes 
the  two  is,  that  when  a  solution  of  glycolic  acid  is  mixed  with  acetate 
of  lead,  and  ammonia  added,  a  white  flocculent  precipitate  is  pro- 
duced, whereas  lactic  acid  similarly  treated  remains  clear. 

Glycolate  of  zinc  was  obtained  by  heating  the  diluted  aqueous  acid 
with  carbonate  of  zinc,  then  filtering  and  evaporating.  As  the  liquid 
cooled,  crystalline  crusts  separated  out,  having  a  sti-ong  resemblance  to 
lactate  of  zinc.  The  individual  crystals  are  small,  colourless,  trans- 
parent prisms,  arranged  in  stellate  groups  round  numerous  points. 
The  formula  of  the  salt  is  ZnO  .  C,  H,  Og-f  2  Aq.  The  water  is 
given  off  at  100°.  The  salt  is  insoluble  in  alcohol,  difficultly  soluble 
in  cold  water,  more  readily  in  hot  water.  1  part  of  the  anhydrous 
salt  dissolves  in  33  parts  of  water  at  20°  C. 

Glycolate  of  silver  appears  to  be  a  veiy  instable  salt.  The  solution 
obtained  by  decomposing  glycolate  of  baryta  with  sulphate  of  silver 
and  filtering,  decomposed  and  deposited  a  black  insoluble  substance, 
even  when  evaporated  in  vacuo  over  sulphuric  acid.  The  addition  of 
alcohol  or  of  ether  to  the  solution  produced  no  precipitate. 

Glycolic  acid,  as  already  observed,  exhibits  an  extremely  close  re- 
semblance to  lactic  acid.  If  the  latter  may  be  regarded  as  a  con- 
jugated compound  of  formic  acid  with  common  aldehyde,  glycolic 
acid  ought  perhaps  to  be  considered  as  a  corresponding  compound 
containing  the  aldehyde  of  formic  acid  : 

Ce  He  Oe  =  C^  H^  0^  +  C,  H,  O^ 

I y '  ' — V ' 

Formic  acid.  Aldehyde. 

C2     H2     O^      -r       Co     Hg     Og. 

< ^ <  < — ^. Ij 

Glycolic  acid.        Formic  acid.        Formic  alde- 
hyde. 

Formic  aldehyde  is  probably  obtained  in  the  dry  distillation  of 
glycolic    acid,  or  on  treating  that  substance  with   oxidizing   agents. 

*  Ann.  Ch.  Phys.  [3],  XXIII,  112. 
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When  hippuric  acid  is  treated  with  peroxide  of  lead,  an  extremely 
pungent  odour  is  evolved  ;  and  Schwartz  observed  that  the  aqueous 
distillate  gives  the  reactions  of  the  aldehydes  with  nitrate  of  silver. 
It  seems  therefore  probable  that  these  phenomena  are  produced  by 
the  aldehyde  of  formic  acid,  which,  being  gaseous  at  ordinary  tempe- 
ratures, has  hitherto  escaped  notice. 

Glycolic  acid  is  also  produced  by  the  action  of  nitrous  acid  upon 
glycocol.  This  substance,  in  the  state  of  aqueous  solution,  is  decom- 
posed by  nitrous  acid,  with  evolution  of  nitrogen.  If  the  solution  be 
then  evaporated,  the  glycocol  becomes  oxidated  by  the  nitric  acid  pro- 
duced from  the  nitrous  acid,  and  crystals  of  oxalic  acid  are  found  in 
the  residue.  If  on  the  other  hand,  the  solution  of  glycocol,  after  treat- 
ment with  nitrous  acid,  be  agitated  with  ether,  the  ether  extracts  the 
glycolic  acid  from  the  aqueous  solution ;  and,  on  evaporating  the  ether, 
the  glycolic  acid  remains  in  the  form  of  a  syrupy  liquid,  similar  in 
properties  to  the  acid  obtained  from  benzoglycolic  acid.  The  prepa- 
ration from  the  last-mentioned  acid  is  however  the  easier  method  of 
the  two.  The  formation  of  glycolic  acid  from  glycocol  is  expressed 
by  the  equation : 

C^  H,  NO,  +  NO3  =  C,  H4  Og  -H  HO  +  2N. 

> ^ '  > ^ ' 

Glycocol.  Glycolic  acid. 

The  same  results  are  therefore  obtained  wdiether  hippuric  acid  be 
first  treated  with  nitrous  acid  and  the  benzoglycolic  acid  afterwards 
decomposed  by  boiling  with  acids,  or  the  hippuric  acid  first  resolved 
into  benzoic  acid  and  glycocol,  and  the  latter  subsequently  treated 
with  nitrous  acid. 

It  appears,  from  the  facts  already  stated,  that  benzoglycolic  acid  is 
easily  i-esolved  into  benzoic  and  glycolic  acids,  and  there  are  grounds 
for  supposing  that  it  may  be  reproduced  by  the  union  of  its  constitu- 
ents :  thus 


'14 


R.O,  +  C,  n,  Og  =  C,3  H3  O3  +  3  HO. 


Benzoic  acid.         Glycolic  acid.         Benzoglycolic 

acid. 

The  authors  were  prevented  by  want  of  material  from  confirming 
this  theory  by  experiment,  but  they  obtained  an  analogous  result  with 
lactic  acid.  A  mixture  of  lactic  and  benzoic  acid  was  heated  to  180°  C, 
and  kept  at  that  temperature  as  long  as  aqueous  vapour  continued  to 
escape.  The  residue  solidified,  on  cooling,  in  a  resinous  mass  which 
was  dissolved  in  water  with  addition  of  potash.  To  the  warm  solu- 
tion, dilute  sulphuric  was  added,  till  benzoic  acid  no  longer  crystallized 
out  on  cooling,  and  the  crystals  obtained  exhibited  a  diff'eront  form. 
The  separated  acid  was  then  removed  by  filtration,  and  the  filtrate 
mixed  in  the  cold  with  dilute  sulphuric  acid.     An  abundant  precipi- 
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tate  was  produced,  which  first  fused  on  being  boiled  with  water,  then 
dissolved  in  a  large  quantity  of  water,  and  on  cooling  separated  partly 
in  drops,  partly  ni  crystals.  This  acid  was  dissolved  in  ether  and 
recrystallized  by  evaporation,  then  neutralized  with  ammonia,  and 
precipitated  by  silver-solution,  The  precipitate  yielded  39-7  per  cent 
of  oxide  of  silver,  a  result  nearly  agreeing  with  the  formula,  AgO  . 
C.20  H,j  Oj,  which  requires  38*5  per  cent.  The  excess  arose  from  the 
presence  of  benzoic  acid.  The  formation  of  the  new  acid,  which  may 
be  called  Benzolactic  acid,  is  expressed  by  the  following  equation  : 

C,,  H^  O,  +  Ce  He  0,  =  C,,  R,,  O3  +  2  HO. 

Benztic  acid.         Lactic  acid.  Benzolactic 

acid. 


On  a  lien*  method  of  separating  substances  possessing  very  similar 

properties. 

By  W.  Hcintz.* 

This  method  is  founded  on  an  extension  of  the  principle  applied  by 
Liebigt  to  the  separation  of  certain  volatile  acids  of  the  adipic  series. 
It  consists  in  adding  to  the  mixture  a  substance  capable  of  combining 
with  all  the  original  substances  which  compose  it,  but  in  quantity 
less  than  sufficient  to  saturate  the  whole,  and  subjecting  the  mixture 
thus  treated  to  distillation,  the  action  of  solvents,  &c. 

In  order  that  a  separation  may  be  effected  in  this  manner,  it  is 
necessary ;  first,  that  the  substance  added  possess  a  decided  chemical 
affinity  for  the  substances  contained  in  the  mixture,  and  that  the 
resulting  compounds  differ  so  much  in  their  properties  from  the 
original  substances,  as  to  be  easily  separated  from  them  by  the  action 
of  solvents  or  by  distillation  ;  secondly,  that  the  substance  added 
possess  different  degrees  of  affinity  for  the  substances  contained  in 
the  mixture.  If  this  latter  condition  be  not  fulfilled,  no  separation 
can  take  place.  Experience  shows,  however,  that  perfect  equality  of 
affinity  of  two  substances  for  a  third  exists  only  at  particular  tempe- 
ratures ;  hence,  by  varying  the  temperature,  the  desired  inequality 
may  always  be  attained. 

The  particular  mode  of  effecting  the  separation  will  of  course  vary 
with  the  nature  of  the  substances  present.  The  following  is  the 
process  which  the  author  has  adopted  with  mixtures  of  the  non- 
volatile fatty  acids,  stearic,  margaric  acid,  &c.  The  separation  of 
these  bodies  is  w^ell  known  to  be  a  matter  of  great  difficulty,  on 
account  of  the  close  resemblance  existing  between  them  and  all  their 
corresponding  compounds. 

*  Pogg.  Ann.  LXXXIV,  221.  t  Ann.  Chem.  Pharm,  LXXI,  325. 
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The  fatty  acids  are  dissolved  in  a  quantity  of  boiling  alcohol, 
sufficient  to  retain  the  whole  in  solution  when  the  temperature  is 
lowered  to  0°  C,  and  a  boiling  alcoholic  solution  of  crystallized 
acetate  of  lead  is  added  drop  by  drop,  in  quantity  sufficient  to  satu- 
rate about  one-half  of  the  acids  with  oxide  of  lead.  In  most  cases, 
as  with  stearic,  margaric,  ethalic,  and  palmitic  acid,  the  Cjuantity  of 
sugar  of  lead  required  for  this  purpose  amounts  to  about  one-third  of 
the  weight  of  the  fatty  acids.  If  the  proper  quantity  of  alcohol  has 
been  added  to  the  mixture,  the  alcoholic  solution  remains  clear  as 
long  as  it  is  kept  boiling,  but  becomes  turbid  on  the  slightest  reduc- 
tion of  temperature ;  and  as  the  liquid  cools,  the  whole  of  the  oxide 
of  lead  is  precipitated  in  combination  with  half  the  fatty  acid.  The 
formation  of  a  precipitate  at  the  boiling  temperature  shows  that  the 
quantity  of  alcohol  used  is  insufficient ;  in  that  case  it  is  best  to  add  a 
few  drops  of  acetic  acid,  by  which  the  separated  lead-salt  is  readily 
dissolved.  The  liquid  is  filtered  when  cold,  and  the  precipitate 
washed  till  the  filtrate  is  no  longer  clouded  by  water ;  the  washing  is 
very  expeditious. 

The  lead-salt,  saturated  with  alcohol,  is  then  removed  from  the 
filter  and  boiled  for  a  short  time  with  hydrochloric  acid.  Chloride  of 
lead  then  separates  completely,  and  sinks  rapidly  to  the  bottom,  while 
the  fatty  acid  remains  dissolved  m  the  alcohol.  The  solution,  how- 
ever, still  contains  a  portion  of  the  ethyl-compound  of  the  fatty  acid. 
It  is  therefore  super-saturated  with  caustic  potash,  and  boiled  till  the 
ethyl-compound  is  completely  decomposed;  after  which,  water  is 
added,  and  the  greater  part  of  the  alcohol  expelled  by  evaporation. 
Lastly,  the  acid  is  separated  from  the  potash-salt  by  boiling  with 
hydrochloric  acid. 

To  separate  the  acid  dissolved  in  the  alcoholic  solution,  acetate  of 
lead  also  dissolved  in  alcohol  is  added  in  slight  excess,  the  pi'ecipitate 
collected  on  a  filter,  and  treated  in  the  manner  already  described. 

As  the  separation  thus  effected  is  not  complete,  the  lead-precipi- 
tates, instead  of  being  washed,  may  be  squeezed  by  a  powerful  press, 
and  then  decomposed  by  boiling  with  very  dilute  hydrochloric  acid, 
or  better,  by  treating  them  with  alcohol  and  hydrochloric  acid  and 
afterwards  with  hydrate  of  potash  and  hydrochloric  acid.  The  melt- 
ing points  of  both  portions  of  the  acid  are  then  to  be  determined. 
If  they  are  nearly  equal,  and  the  two  portions  are  otherwise  not 
essentially  different  in  their  physical  properties,  it  may  safely  be  con- 
cluded that  the  substance  under  examination  was  not  a  mixture,  but 
consisted  essentially  of  07ie  definite  compound,  possibly  contammated 
by  a  small  quantity  of  another.  In  this  case,  the  two  portions  may 
be  united,  and  purified  by  one  or  two  recrystalhzations  from  alcohol. 
If,  on  the  contrary,  the  melting  points  and  other  physical  characters 
of  the  two  acids  differ  considerably,  the  process  must  be  repeated 
upon    each,    and    the    same   treatment    continued   till   the    melting 
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points^  &c.  of  the  portions  last  separated  are  nearly  equal.  These 
last  portions  are  then  to  be  united  and  crystallized  once  or  twice 
from  alcohol.  This  process  will  serve  likewise  to  separate  a  mixture 
of  three  or  more  acids,  provided  that  not  only  the  extreme  portions, 
those  namely  which  contain  the  strongest  and  weakest  acids,  but 
likewise  the  intermediate  portions,  are  subjected  to  the  same  treat- 
ment. 

If  any  of  the  acids  thus  separated  assume  a  well-defined  crystal- 
line structure,  when  it  passes  from  the  liquid  to  the  solid  state,  it 
will  for  the  most  part  be  unnecessary  to  subject  it  any  further  to  the 
preceding  treatment ;  one  or  two  crystallizations  from  alcohol  will 
yield  it  in  a  state  of  perfect  purity. 

When  it  is  thought  that  a  pure  acid  has  been  obtained  in  the 
manner  above  described,  it  is  best  to  subject  it  once  more  to  the  same 
treatment,  in  order  to  make  sure  of  its  purity. 

By  pursuing  this  method  the  author  has  found : 

1.  That  the  so-called  pure  siearine  which  melts  at  61°  or  62°  C, 
is  a  mixture  of  two  or  more  fats  containing  glycerine. 

2.  That  the  substance  commonly  regarded  as  pure  cetine  is  a 
mixture  of  at  least  two  fats  containing  ethyl.  Tt  does  not  melt  con- 
stantly at  49°  or  49*5°  C. ;  but  by  recrystallization  from  the  ethereal 
solution,  its  melting  point  may  be  raised  to  53-5°. 

Another  result  of  the  author's  experiments  is,  that  spermaceti  may 
be  easily  saponified  by  a  boiling  solution  of  caustic  potash. 


On  the  composition  of  Human  Fat. 
By  W.  Helntz. 

The  investigations  of  Chevreul  into  the  composition  of  human  fat 
showed,  that  it  consists  of  a  liquid  fat,  viz.,  oleine,  and  a  solid  fat,  to 
which  Chevreul  gave  the  name  of  stearine,  but  which,  as  it  yields 
margarie  acid  by  saponification,  must  really  consist  of  margarine. 
Subsequently  Lerch  has  shown  that  the  volatile  portion  of  the  fat 
contains  caprylic  acid;  and  Briicke,  has  found  that  the  solid  portion 
does  not  yield  pure  margarie  acid  by  saponification,  but  an  acid  which 
melts  at  56°,  and  does  not  crystallize  like  margarie  acid.  Hence  it 
would  appear  that  human  fat  contains  besides  margarine,  another  solid 
fat  which  by  saponification  yields  another  fatty  acid,  not  separable 
from  margarie  acid  by  crystallization. 

After  various  fruitless  attempts  to  obtain  the  pure  margarine  by 
exposing  the  fat  to  a  very  low  temperature,  and  crystallizing  the  solid 
portion  from  a  solution  in  ether,  Heintz  resorted  to  the  method  of 
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saponifying  the  fat  with  caustic  potash ;  and  as  the  separation  of  the 
oleic  acid  thus  produced  from  the  margaric  and  other  solid  acids,  by 
the  usual  method  of  converting  them  into  lead-salts  and  digesting  in 
ether,  is  very  tedious  and  involves  a  very  large  consumption  of  ether, 
he  finally  adopted  the  method  of  separating  the  fatty  acids  from  the 
mixed  potash-salts  by  means  of  hydrochloric  acid,  and  subjecting  the 
liquid  portion  to  the  action  of  powerful  press, — then  dissolving  the 
resulting  hardish  mass  in  a  third  of  its  weight  of  alcohol,  leaving  it  to 
solidify  at  as  low  a  temperature  as  possible,  pressing  again,  and  repeat- 
ing these  operations  till  every  trace  of  oleic  acid  was  removed  from 
the  solid  acids — a  point  which  was  general Ij-  attained  at  the  third  pres- 
sure. The  mixture  of  solid  fatty  acids  was  then  treated  b}'  the 
method  described  in  the  preceding  paper,  and  was  found  to  contain 
four  different  fats.  The  liquid  portion  was  found  to  consist  princi- 
pally of  oleine.  The  general  results  of  the  investigation  are  as 
follow  s  : 

1.  Human  fat  does  not  consist,  as  formerly  supposed,  merely  of 
oleine  and  margarine,  but  is  a  mixture  of  at  least  six  different  fats. 

2.  The  first  of  these  fats  is  present  in  very  small  quantity  only, 
but  appears,  from  an  analysis  of  the  fatty  acid  obtained  from  it,  to  be 
identical  with  Stearophanine,  the  substance  which  Francis  discovered 
in  the  berries  of  Cocculus  indiciis.  The  composition  and  properties 
of  this  acid,  so  far  as  they  have  been  studied,  agree  with  those  of 
stearophanic  acid,  the  formula  of  which  is  Cgg  Hgg  0^. 

3.  The  second  fat  is  a  new  substance,  to  which  the  author  gives 
the  name  of  Anthropine.  The  fatty  acid  obtained  from  it  by  saponi- 
fication, is  distinguished  by  its  strong  tendency  to  crystallize.  It 
separates  from  the  alcoholic  solution,  and  likewise  solidifies  from  a 
state  of  fusion,  in  broad,  shining  laminre.  Its  composition  appears 
to  agree  with  the  formula,  C34  H30  O4 ;  but  further  experiments  are 
necessary  to  establish  this  result. 

4.  The  third  fat  is  Margarine,  which  yields  margaric  acid  by  sapo- 
nification. 

5.  The  fourth  substance  contained  in  this  solid  portion  of  the  fat 
is  Paliniliue,  which  yields  palmitic  acid  by  saponification;  it  appears 
to  be  the  most  abundant  of  the  four. 

6.  The  palmitic  obtained  from  human  fat  is  identical  with  that 
which  is  formed  by  the  action  of  fused  potash  upon  oleic  acid,  and  to 
which  Varrentrapp  gave  the  name  of  Olidic  acid. 

7.  The  liquid  portion  of  human  fat  is  composed  essentially  of 
Oleine ;  but  it  likewise  contains  a  small  quantity  of  another  fat,  which, 
by  saponification,  yields  an  acid  whose  baryta-salt  differs  from  oleate 
of  baryta,  not  only  by  its  physical  properties,  but  likewise  by  tlie 
quantity  of  baryta  contained  in  it,  viz.,  from  27  to  28  per  cent.  This 
baryta-salt  is  much  less  soluble  in  alcohol  tluin  oleate  of  barvta,  but 
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is  converted  into  a  tenacious  liquid  mass  at  a  much  lower  tempera- 
ture-than  the  latter,  and  is  more  soluble  in  ether. 

8.  It  has  been  before  observed  that  when  human  fat  is  exposed  in 
water  to  a  temperature  varying  above  and  below  0°  C,  a  liquid  fat 
may  be  separated  from  the  solid  portion ;  and  this  liquid  fat,  if  left  to 
itself  till  the  next  winter,  and  again  exposed  for  some  time  to  the 
same  low  temperature,  yields  another  tolerably  large  portion  of  solid 
fat.  If  this  be  again  separated  by  pressure,  and  the  liquid  fat  once 
more  left  to  itself,  a  still  fui'ther  portion  of  solid  fat  will  separate  in 
the  following  winter.  Now,  when  the  solid  fat  thus  separated  in  the 
second  or  third  winter,  is  dissolved  in  hot  alcohol,  filtered  wdieu  the 
temperature  of  the  liquid  has  fallen  to  30°  C,  and  then  left  to  cool 
further,  a  substance  separates  out,  which,  after  recrystallization  from 
alcohol,  dissolves  readily  in  a  dilute  aqueous  solution  of  carbonate  of 
soda  at  a  boiling  heat,  and  therefore  consists  of  a  fatty  acid.  It 
appears  then  that  human  fat  when  left  to  itself,  undergoes  a  gradual 
decomposition,  by  which  the  glycerine  is  destroyed,  and  the  fatty 
acid  separated,  a  kind  of  decomposition  long  known  to  take  place  in 
fats  which  yield  easily  volatile  acids,  for  instance,  in  butter  when  it 
becomes  rancid. 


On  a  new  compound  of  Mercury. 
By  Sobrero  and  Sclnil.^ 

When  an  alcoholic  solution  of  potash  is  added  to  a  solution  of 
corrosive  sublimate  in  alcohol  of  the  strength  of  40°,  a  yellow  preci- 
pitate is  obtained,  consisting,  not  of  protoxide  of  mercury,  but  of  a 
compound  of  mercury  with  carbon,  hydrogen,  and  oxygen.  This 
precipitate  is  amorphous  and  insoluble  in  water  and  alcohol ;  it  may 
be  washed  to  free  it  from  excess  of  potash  and  chloride  of  potassium. 

In  preparing  this  substance,  it  is  best  to  employ  a  temperature  of 
about  50°  C.  It  is  stable  at  ordinary  temperatures,  and  sustains 
without  decomposition  a  temperature  not  far  from  200°  C. ;  when 
more  strongly  heated,  it  assumes  an  orange  colour,  and  decomposes 
suddenly  and  with  violent  detonation,  being  completely  resolved  into 
gaseous  products  without  i-esidue.  That  the  compound  may  possess 
the  property  of  detonating  in  the  manner  just  described,  the  prepara- 
tion must  be  conducted  with  attention  to  the  circumstances  above- 
mentioned  ;  if  the  preparation  be  made  at  a  lower  temperature,  or  an 
insufficient  quantity  of  potash  added,  the  resulting  precipitate  deto- 
nates less   strongly  and  leaves  a  residue  of  red  oxide  of  mercury. 

*  Compt.  Rend.  XXXIII,  67;  Ann.  Ch.  Pharm.  LXXX,  108. 
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AVlieu  exposed  to  direct  light,  this  body  blackens  very  rapidly,  li 
heated  in  a  glass  tube  while  still  moist,  it  decomposes  with  less  vio- 
lence and  leaves  metallic  mercury,  water,  and  acetic  acid. 

This  substance  dissolves  completely  in  hydrochloric  acid,  even  iu 
the  cold,  undergoing  decomposition  at  the  same  time,  and  yielding  a 
volatile  substance,  which  has  a  pungent,  irritating,  and  quite  peculiar 
odour,  and  acts  upon  the  throat  in  a  similar  manner  to  hydrocyanic 
acid.  This  volatile  substance  may  be  obtained,  mixed  with  hydro- 
chloric acid,  by  distilling  the  mixture.  The  authors  have  not  yet 
analyzed  this  substance ;  but  they  observe  that,  on  the  addition  of 
nitrate  of  silver,  there  is  formed,  besides  the  precipitate  of  chloride  of 
silver,  a  soluble  compound  which  yields  very  beautiful,  transparent 
crystals. 

Sulphuric  acid  dissolves  this  compound  of  mercury,  forming  crys- 
talline products.  Nitric  acid  likewise  dissolves  it,  and  the  solution 
yields  with  caustic  potash,  an  ash-grey  precipitate,  which  when  treated 
with  hydrochloric  acid,  gives  off  a  volatile  substance  having  the  same 
odour  as  that  produced  when  the  original  mercury-compound  is  acted 
upon  by  hydrochloric  acid.  Acetic  acid  dissolves  the  mercury-com- 
pound almost  completely,  and  the  solution,  when  evaporated,  yields  a 
crystalline  substance. 

The  new  mercury-compound  boiled  with  a  solution  of  sal-ammoniac, 
drives  out  the  ammonia,  forming,  at  the  same  time,  a  soluble,  crystal- 
lizable  body.  A  crystalline  compound  is  likewise  obtained  by  boiling 
that  substance  with  a  solution  of  corrosive  sublimate. 

Although  the  authors  have  hitherto  been  unable  to  obtain  anv 
determinate  data  for  the  composition  of  this  remarkable  comj)ound, 
they  are  nevertheless  able  to  assert  that  it  consists  of  mercury,  carbon, 
hydrogen,  and  oxygen,  and  that  the  last  three  elements  are  not  in  the 
proportion  required  to  form  alcohol,  the  quantity  of  hydrogen  being 
much  too  small ;  moreover,  that  the  compound  acts  like  a  very  strong 
base,  and  combines,  not  only  with  sulphuric,  nitric,  and  acetic  acid, 
but  likewise  with  many  other  acids. 

In  the  course  of  the  experiments  made  with  this  substance,  other 
mercury-compounds  were  obtained  having  more  or  less  relation  to  it. 
Thus  a  substance  different  from  the  preceding  is  obtained  by  slowlv 
adding  a  very  weak  solution  of  potash  to  a  boiling  solution  of  corro- 
sive sublimate,  &c. 

On  dissolving  mercury  in  nitric  acid,  expelling  all  nitrous  products 
by  continued  boiling,  and  adding  the  solution  to  alcohol  of  36°,  in 
the  same  proportion  as  for  the  preparation  of  fulminating  silver,  no 
immediate  action  takes  place,  provided  the  mixture  be  made  at  a 
temperature  below  100°;  but  if  the  temperature  I)e  raised  to  100\  a 
Avhite  crystalline  eoiiipouud  is  instantly  formed,  and  its  formation 
continues,  even  when  heat  is  no  longer  applied.     This  reaction,  not- 
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withstanding  the  rapidity  with  which  it  goes  on,  is  not  attended  with 
evolution  of  gas.  The  precipitate  contains  mercuric  oxide,  nitric  acid, 
carbon  and  hydrogen  ;  when  treated  with  hydi-ochloric  acid,  it  yields 
a  volatile  product  having  the  peculiar  odour  mentioned  m  a  former 
part  of  this  paper. 

It  may  be  confidently  predicted  that  compounds  analogous  to  the 
above  will  be  obtained  by  similar  processes,  in  which  amylic  or 
methylic  alcohol  is  used  instead  of  common  alcohol,  and  other  metals, 
such  as  silver,  instead  of  mercury. 


On  Etliylo-mercuric  Nitrate. 
By  Cli.  Gerhardl.* 

Gerhardt  did  not  succeed  in  preparing  the  yellow  detonating  oxide 
of  mercury  by  the  process  described  by  Sobrero  and  Selmijf  be  is 
moreover  of  opinion  that  this  process  is  not  likely  to  yield  a  product 
sufficiently  pure  for  analysis.  On  the  other  hand,  he  readily  ob- 
tained the  peculiar  salt  prodacod  on  nuxnig  alcohol  with  mercuric 
nitrate.  This  salt  has  a  very  remarkable  constitution,  as  vvill  be 
seen  by  the  following  observations. 

Mercurous  nitrate  has  no  action  on  alcohol.  When  an  acid  solu- 
tion of  that  salt  is  mixed  with  alcohol  of  36°,  and  the  mixture  heated, 
basic  mercurous  nitrate  separates  out  in  white  crystals,  which  do  not 
contain  organic  matter. 

When  alcohol  is  mixed  with  a  very  concentrated  solution  of 
mercuric  nitrate,  there  is  formed  in  the  cold,  an  amorphous  white 
precipitate  of  basic  mercuric  nitrate;  if  the  mercury-salt  contains 
excess  of  nitric  acid,  no  precipitate  is  formed  in  the  cold.  On  heating 
the  liquid,  however,  a  white  crystalline  precipitate  separates,  even 
before  the  liquid  begins  to  boil,  and  its  formation  continues,  without 
further  application  of  heat.  This  is  the  salt  obtained  by  Sobrero 
and  Selmi.  When  examined  by  the  microscope,  it  exhibits  a  highly 
characteristic  form,  consisting  of  six-pointed  stars  or  hexagonal  tables, 
which  are  shaded  in  such  a  manner  that  similar  stars  appear  within 
them,  whose  vertices  project  into  the  angles  of  the  tables. 

The  salt  is  insoluble  in  water  and  in  alcohol.  When  heated  in  a 
small  tube,  it  decomposes  suddenly  and  explosively,  but  does  not 
detonate. 

After  drying  over  sulphuric  acid,  the  composition  of  the  salt  was 
found  to  be  as  follows  : 

*  Ann.  Ch.  Pharm.  LXXX,  111.  f  See  the  preceding  paper. 
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Calcul 

ation. 

31 

e  riment. 

C,       24 

2-7 

2-9 

2-9 

H2        3 

0-3 

0-4 

0-3 

0-3 

Hg6  600 

78-3 

78-4 

N2      28 

3-3 

3-6 

Oi4  112 

150 

7G6  100-0 

These  numbers  agree  with  the  formula^ 

NO^.  HgO  +  NO^  C4  Hg,  0  +  2  Aq, 
which  formula  is  conformed  by  the  equation, 

2(N0^  3HgO)  +  C4  Hg  02  =  the  new  salt  +4  HO. 

That  this  salt  is  a  mercuric  and  not  a  mercurons  salt,  is  shown  by 
its  property  of  dissolving  completely  in  hydrochloric  arid,  without 
leaving  a  trace  of  calomel;  it  evolves,  however,  when  thus  treated, 
the  peculiar  odoriferous  substance  mentioned  by  Sobrero  and  Selnii. 
The  solution  in  hydrochloric  acid  is  precipitated  yellow  by  potash. 

When  a  strong  solution  of  potash  is  poured  upon  the  new  salt,  it 
turns  grey ;  by  boding  with  the  same  solution,  it  turns  black,  without 
however  being  completely  decomposed.  The  black  substance  is 
always  mixed  with  crystals,  however  long  the  boiling  may  be  con- 
tinued. This  black  substance  is  not  dissolved  by  hydrochloric  acid, 
although  but  a  small  quantity  of  calomel  is  formed.  It  follows  there- 
fore that  the  salt  is  essentially  altered  by  the  action  of  potash. 
Ammonia  acts  upon  it  in  a  similar  manner. 

A  large  quantity  of  mercurous  nitrate  is  likewise  found  in  the 
alcoholic  solution  from  which  the  new  salt  has  separated.  A  mercu- 
rous salt  frequently  separates  in  small  needles  after  the  new  salt  has 
been  removed  by  decantation.  The  formation  of  mercurous  salt 
])robably  depends  upon  secondary  actions,  for  the  mixture  of  alcohol 
and  corrosive  sublimate  gives  off  a  strong  odour  of  aldehyde  when 
heated,  even  though  the  action  is  not  accompanied  by  any  evolution 
of  gas. 

The  new  salt  is  acted  u])on  by  sulphuretted  hydrogen,  sulphide  of 
mercury  being  i'ormed,  and  likewise  a  body  having  the  characteristic 
odour  of  mercaptan.  Hence,  in  determining  the  mercury,  the  organic 
matter  must  be  first  destroyed  by  boiling  the  salt  with  aqua-regia, 
then  evaporating  to  dryness,  and  digesting  the  residue  in  water.  If 
this  precaution  be  neglected,  the  mercury  will  come  out  1  or  2  jier 
cent  too  much,  the  sulphide  collected  on  the  filter  being  in  fact  ini- 
j)ure. 

The  composition  of  the  new  salt  leads  to  the  supposition  that  the 
detonating  oxide  discovered  by  Sobrero  and  ISelmi,  is  an  oxide  of 
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mercuric  ethyl,  that  is,  alcohol  in  which  the  hydrogen  is  replaced  b\ 
mercury,  C^^  Ilgg  0,2.  Here  then  we  have  another  instance  of  the 
striking  analogy  which  exists  between  the  products  of  the  action  of 
alcohol  and  of  ammonia,  that  is  to  say,  between  the  ethers  and  the 
amides.  AVe  know,  indeed,  that  the  ammoniacal  oxide  of  mercury 
likewise  detonates  and  forms  characteristic  salts. 


On  the  Allotropy  of  Selenium. 
By  Dr.  Blittorff.* 


Our  knowledge  of  the  thermic  relations  of  selenium  is  due  to  Ber- 
zelius,  whose  statements,  as  given  in  his  treatise,  have  been  copied 
without  alteration  into  other  compendiums  of  chemistry ;  they  are  as 
follow^s : 

"  Selenium  becomes  soft  when  heated,  is  semi-fluid  at  100°,  and 
fuses  at  a  temperature  a  few  degrees  higher.  During  cooling,  it 
remains  soft  for  a  long  time,  and  may  be  drawn  out  like  sealing-wax, 
into  threads,  which  appear  ruby-red  by  transmitted  light.  When 
solidified,  it  assumes  a  specular  surface,  exhibits  perfect  metallic 
lustre,  and  is  altogether  not  unlike  blood-stone.  Its  fracture  is  con- 
choidal  and  vitreous.  Wlien  fused  selenium  is  left  to  cool  very 
slowly,  its  surface  becomes  uneven,  granular,  lead-grey,  and  no 
longer  specular.  The  fracture  is  fine-grained,  dull,  and  exactly  re- 
sembles that  of  a  lump  of  metallic  cobalt.  A  second  fusion  followed 
by  rapid  cooling  destroys  this  appearance,  and  restores  to  selenium  its 
original  external  characters." 

A  fact  observed  by  the  author  of  this  memoir  places  the  relation 
between  crystalline  and  amorphous  selenium  in  its  true  light,  and 
shows  that  the  preceding  statements  require  correction.  He  finds, 
namely,  that  granular  selenium  does  not  fuse  till  heated  to  217°  C, 
and  that  it  then  passes  at  once  from  the  solid  to  the  liquid  state 
without  previous  softening.  When  cooled  in  the  ordinary  way,  the 
fused  mass  does  not  return  to  the  solid  state  at  this  temperature,  but 
remains  liquid,  and  passes  through  all  degrees  of  softness,  till,  at  a 
temperature  below  50°  C,  it  gradually  hardens  into  amorphous 
selenium.  On  plunging  the  bulb  of  a  thermometer  into  fused  sele- 
nium heated  above  220°  C.  in  a  small  crucible,  the  temperature  w^as 
found  to  fall  quite  regularly  during  cooling.  There  was  no  stoppage 
or  retardation.  The  latent  heat  absorbed  during  the  fusion  of  crys- 
talline selenium  is  therefore  not  given  up  under  these  circumstances, 
but  remains  in  the  amorphous  selenium,  and  is  essential  to  that 
state.    At  lower  temperatures,  this  condition  of  the  selenium  is  stable. 

*  Pogg.  Ann.  LXXXI,  214. 
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Pieces  of  fused  amorphous  selenium,  which  the  author  has  had  in 
his  possession  for  several  years,  have  remained  unaltered.  The 
passage  to  the  crystalline  state,  takes  place,  however,  on  exposing 
the  amorphous  selenium  for  a  time  to  a  temperature  between  80° 
and  217°  C,  the  latent  heat  being  at  the  same  time  evolved. 

In  these  experiments,  an  oil-bath  was  used  consisting  of  three 
concentric  copper  cylindei's.  By  means  of  a  spirit-lamp  of  constant 
level  and  a  stirrer,  the  oil  of  the  inner  vessel  cordd  easily  be  main- 
tained for  any  length  of  time  at  a  constant  temperature.  The 
amorphous  selenium  was  placed  at  the  lower  part  of  a  common 
test-tube,  and  fused  round  the  bulb  of  a  thermometer.  The  test- 
tube  being  introduced  through  an  opening  in  the  cover  into  the 
oil  of  the  bath,  in  which  a  second  thermometer  is  placed,  the  ther- 
mometer in  the  selenium  soon  takes  the  temperature  of  the  medium, 
but  instead  of  remaining  at  that  temperature,  quickly  rises  above  it. 
By  the  time  that  it  has  returned  to  the  temperature  of  the  oil-bath, 
the  amorphous  selenium,  on  being  taken  out,  is  found  to  have  as- 
sumed the  granular  condition.  In  amorphous  selenium  therefore, 
we  have  a  substance,  which,  under  these  circumstances,  softens  when 
heated,  then  becomes  semi-fluid,  and  afterwards  returns  to  the  solid 
state. 

The  conversion  into  the  granular  modification  takes  place  most 
quickly,  and  the  thermometer  rises  most  above  the  temperature  of  the 
oil-bath  when  the  latter  is  between  125°  and  180°.  With  a  quantity 
of  selenium  weighing  about  20  grms.,  the  thermometer  usually  rose 
from  40°  to  50°  above  the  temperatm-e  of  the  oil.  The  return  to  the 
latter  temperature  takes  place  very  quickly. 

A  still  greater  I'ise  of  temperature  is  attained  by  using,  instead 
of  the  oil-bath,  an  air-bath,  which  conducts  away  the  heat  less 
quickly.  A  convenient  arrangement  for  the  purpose  is  an  ordi- 
nary drying  apparatus,  consisting  of  a  copper  cylinder  having  two 
apertures  in  its  cover,  so  that  a  thermometer  may  be  introduced 
through  one  of  them,  and  the  test-tube  with  the  amorphous  sele- 
nium and  the  second  thermometer  through  the  other.  If  now 
the  cylinder  be  heated  with  a  small  spirit  flame  which  raises  the 
temperature  to  about  130°  C,  the  naked  thermometer  rises  at  first, 
above  that  immersed  in  the  selenium.  But  as  soon  as  the  latter  has 
risen  to  125°,  it  begins  to  mount  rapidly,  and  soon  attains  a  tempe- 
rature between  210°  and  215°. 

The  process  of  transformation  is  slower  as  the  temperature  of  the 
bath  is  farther  below  125°.  The  rise  of  temperature  is  then  smaller,  but 
continues  longer.  In  the  vapour  of  boiling  water  the  process  takes 
several  hours,  if  the  quantity  be  somewhat  considerable  ;  at  80°,  it 
lasts  much  longer ;  in  both  these  cases,  the  evolution  of  heat  is  im- 
perceptible. The  time  required  for  the  transformation  depends 
greatly  on  the  mobility  of  the  particles.     If  the  amorphous  selenium 
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be  not  fused,  hut  in  the  state  of"  powder,  it  assumes  the  crystalline 
form  so  rapidly  at  100°,  and  even  at  90°,  that  the  immersed  ther- 
mometer rises  from  25°  to  30°.  At  80°,  in  the  vapour  of  ordinary 
spirit  of  wine,  the  rise  of  temperature  is  imperceptible  even  in  this 
case.  The  gi'cater  the  fluidity  of  the  amorphous  selenium,  the  more 
readily  does  it  give  up  its  latent  heat.  From  this  cause,  the  trans- 
formation takes  place  more  slowly  at  temperatures  above  180°, 
because  the  temperature  of  the  selenium  can  never  rise  above  217°, 
the  melting  point  of  the  crystalline  variety.  The  latter  can  only 
be  accurately  observed  by  means  of  the  oil-bath.  For  this  purpose, 
the  bath  is  kept  at  a  constant  temperature  of  more  than  220°,  and 
the  crystalline  selenium,  together  with  the  thermometer,  immersed  in 
it.  The  thermometer  soon  rises  to  217°,  then  remains  stationary  for 
a  long  time  between  217°  and  218°,  and  finally  attains  the  tem- 
perature of  the  oil.     The  selenium  is  then  found  to  be  melted. 

On  taking  a  general  view  of  the  thermic  relations  of  selenium,  it 
is  impossible  to  overlook  its  strong  resemblance  to  sulphur.  It  is 
well  known,  that  the  latter  is  obtained  in  a  soft  plastic  state,  by 
heating  it  above  250°,  and  then  cooling  it  as  quickly  as  possible, 
which  is  usually  effected  by  pouring  it  into  cold  water.  It  then 
remains  soft  for  a  long  time  at  the  lower  temperature,  and  returns 
but  slowly  to  the  crystalline  state.  This  transformation,  however, 
takes  place  quickly,  as  observed  by  Regnault,*  if  the  sulphur  be 
exposed  to  a  temperature  higher  than  the  boiling-point  of  water. 
At  the  same  time,  an  appreciable  rise  of  temperature  takes  place ; 
the  thermometer  immersed  in  the  sulphur  rises  to  111°,  the  tempe- 
rature of  the  medium  being  98°. 

The  latent  heat  absorbed  by  sulphur  heated  to  250°,  is  unable  to 
escape  during  the  short  time  in  which  it  cools ;  at  a  lower  tempe- 
rature it  becomes  more  permanent,  and  requires  several  days  to 
escape.  It  may  possibly  become  quite  stable  at  a  still  lower  tem- 
perature at  which  the  soft  surface  hardens.  In  the  case  of  selenium, 
the  latent  heat  takes  a  still  longer  time  to  escape,  the  time  occupied 
in  ordinary  cooling,  being  in  fact,  insufficient  for  the  purpose.  At 
temperatures  below  80°,  the  selenium  hardens,  retaining  its  latent 
heat,  and  the  condition  thus  assumed  is  perfectly  stable.  Moreover, 
selenium  not  only  retains  that  latent  heat  at  ordinary  temperatures, 
but  under  favourable  circumstances,  readily  absorbs  it.  It  is  well 
known  that  selenium  is  obtained  in  the  form  of  a  red  powder,  when 
it  separates  from  its  compounds  or  solutions  at  ordinary  temperatures. 
Thus,  sulphurous  acid,  protochloride  of  tin,  zinc,  and  iron,  throw 
down  red  selenium  from  selenious  acid ;  and  seleniuretted  hydrogen 
water  deposits  red  selenium  on  exposure  to  the  air.  Both  amorphous 
and  crystalline  selenium    are  dissolved  by  strong    oil    of   vitriol    at 

*  Pogg.  Ann.  LIII,  266. 
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40°  C,  and  the  green  liquid  when  mixed  with  water^  deposits  red 
selenium.  This  red  seleniunij  however,  is  nothing  more  than  amor- 
phous selenium  in  a  state  of  minute  division ;  for  the  latter  also 
appears  red  in  thin  films  by  transmitted  light,  and  gives  a  red  streak. 
The  red  precipitate  turns  black  when  it  is  heated  above  50°,  softening 
at  the  same  time,  and  agglomerating  into  a  shining  vitreous  mass. 
Lastly,  Count  Schaffgotsch  found  the  specific  gravity  of  red  sele- 
nium the  same  as  that  of  fused  amorphous  selenium.  Thus,  the 
density  of  red  selenium  was  found  to  be  4'259,  and  after  aggregation 
4-264,  and  that  of  the  glassy  moditication  4-276 — 4286,  while  that 
of  granular  selenium  was  4-796 — 4*805  at  20°  C.  Precipitated  sele- 
nium likewise  gives  out  heat  when  it  passes  into  the  granular  state. 
In  the  aggregated  form  it  is  the  most  convenient  for  this  experi- 
ment; because  it  can  then  be  easily  pounded,  and  dried  in  vacuo  over 
sulphuric  acid.  If  it  be  then  held  in  the  vapour  of  boiling  water,  the 
thermometer  rises,  during  the  transformation,  125° — 130°.  Finely- 
divided  red  selenium  gives  off  its  water  very  slowly  at  ordinary  tem- 
peratures ;  the  author  did  not  succeed  in  drying  it  completely.  If 
exposed  to  the  direct  rays  of  the  sun,  it  gradually  becomes  ci-ystalline. 
To  observe  the  escape  of  heat,  it  is  best  to  apply  a  temperature  of 
80°,  such  as  that  afforded  by  the  vapour  of  ordinary  spirit  of  wine ; 
at  this  temperature  the  transformation  is  very  rapid. 

Selenium  is  not  always  separated  from  its  compounds  in  the  amor- 
phous state  at  ordinary  temperatures.  The  solutions  of  selenide  of 
potassiimi  and  selenide  of  ammonium,  when  exposed  to  the  air,  always, 
deposit  it  in  the  crystalline  form.  The  crusts  which  form  on  their 
surface  are  entirely  made  up  of  small  crystals,  which  appear  very 
distinct  and  definite  under  the  microscope ;  their  specific  gravity  at 
15°  C.  is  4-808. 

Vitreous  and  crystalline  selenium  differ  greatly  in  their  electrical 
conducting  power.  The  former  is  known  to  be  an  insulator.  Granular 
selenium  conducts  much  better,  and,  which  is  very  remarkable,  its 
resistance  is  considerably  diminished  by  heat.  Two  small  plates  of 
carbon  were  immersed  in  melted  selenium  contained  in  a  crucible, 
and  the  amorphous  mass  brought  into  the  ciystalline  state  by  exposing 
it  to  a  temperature  of  140°  in  the  di-ying  apparatus.  It  was  then 
introduced,  together  with  a  galvanometer,  having  200  turns  of  wire 
and  an  astatic  needle,  into  the  circuit  of  a  single  pair  of  Grove's 
battery.  While  the  selenium  was  in  the  amorphous  state,  no  deflection 
was  produced  upon  the  needle  under  these  circumstances;  but  after 
the  transformation  into  the  crystalline  modification,  a  deflection  of 
17°  was  produced  at  ordinary  temperatures.  On  raising  the  tem- 
perature, the  deflection  increased  still  further,  and  at  210°  C.  it 
amounts  to  80°.  If  this  increase  of  conducting-power  were  to  con- 
tinue, the  selenium  when  raised  to  a  red  heat,  would  conduct  as  well 
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as  the  ordinary  metals ;  but  after  the  absorption  of  the  hitent  lieat 
at  217°,  the  needle  suddenly  returns  to  20°. 

The  allotropic  states  of  sulphur  and  selenium  are  brought  about  by 
latent  heat.  The  same  cause  probably  produces  similar  effects  in 
other  bodies,  although  the  relations  are  not  so  sim])le  as  those  above 
considered. 

The  author  is  of  opinion  that  Schrotter^s  red  phosphorus  is 
formed  in  a  similar  manner,  viz.,  by  the  abstraction  of  latent  heat 
from  ordinary  phosphorus,  and  that  it  is  really  the  crystalline  modi- 
fication of  the  body,  ordinary  colourless  phosphorus  being  the  amor- 
phous variety.  It  is  true,  that  no  crystalline  structure  has  been 
detected  in  the  red  phosphorus ;  but  on  the  other  hand,  it  is  always 
obtained  either  in  a  state  of  very  minute  division,  or  somewhat  aggre- 
gated in  crusts,  conditions  not  very  favourable  to  the  observation  of 
its  structui'e. 


On  Phosphide  of  Tungsten. 
By  Wbhler.,* 

Phosphorus  and  tungsten  combine  directly,  but  without  emission 
of  light  and  heat,  when  finely-pounded  metallic  tungsten  contained  in 
a  glass  tube  is  heated  to  redness  in  phosphorus  vapour.  The  result- 
ing compound  is  a  dull,  dark  grey  powder,  very  difficult  to  oxidize, 
and  composed  according  to  the  formula  W-^P~.  This  formula  requires 
18-7  per  cent  of  phosphoras;  two  experiments  gave  18-38  and 
18-87. 

Much  more  remarkable  is  the  phosphide  of  tungsten  obtained  by 
reducing  a  mixture  of  tungstic  and  phosphoric  acids,  at  a  very  high 
temperature,  in  a  crucible  lined  with  charcoal.  In  this  manner  a 
compound  is  obtained,  crystallized  in  magnificent  geodes,  having  exactly 
the  appearance  of  certain  geodes  filled  with  crystals,  w^hich  occur  in 
the  mineral  kingdom.  The  production  of  this  beautiful  arrangement 
was  not  the  result  of  a  single  accident,  but  was  repeated  in  four 
dificrent  experiments.  In  every  case,  there  was  formed  a  hollow 
mass  of  grey  coke-like  phosphide  of  tungsten,  several  inches  high, 
more  than  an  inch  wide,  corresponding  to  the  dimensions  of  the 
crucible,  and  lined  internally  with  the  most  brilliant  ciystals,  many 
of  which,  though  they  were  very  thin  prisms,  attained  a  length  of 
nearly  an  inch.  They  have  a  steel  grey  colour,  and  an  exceedingly 
brilliant  metallic  lustre.  They  are  six-sided  prisms,  apparently  iden- 
tical   in   form    with  gypsum.      Their    spec.   grav.    is  5-207.     They 

*  Ann.  Ch.  Pharm.  LXXIX,  244. 
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are  perfect  conductors  of  the  electric  current.  When  treated  with 
zinc  and  dilute  acid,  they  liberate  hydrogen  gas,  and  when  immersed 
in  a  solution  of  a  copper-salt  they  become  covered  with  metallic 
copper. 

This  phosphide  of  tungsten  undergoes  no  change  when  heated  to 
the  melting-point  of  manganese.  It  likewise  remains  nearly  unaltered 
when  heated  to  redness  in  the  air.  Heated  on  charcoal  in  a  stream  of 
oxygen  gas,  it  burns  with  great  splendour ;  and  forms  a  deep  blue 
sublimate  on  the  charcoal.  It  likewise  bums  with  an  equally 
dazzling  lustre  on  fused  chlorate  of  potash.  It  is  not  attacked  by  any 
acid,  not  even  by  aqua-regia. 

The  proportion  of  phosphorus  in  this  compound  was  found  by  three 
experiments  to  be  7*87,  8*70  and  8"78.  The  foi-mula  W*P  requires 
8  per  cent. 

For  the  preparation  of  this  veiy  beautiful  substance,  crude  phos- 
phoric acid  containing  lime,  and  fused  in  an  earthen  crucible,  was 
generally  used ;  it  was  mixed  in  coarse  powder  with  the  tuugstic  acid, 
and  generally  in  the  proportion  of  2  equivs.  PO^ :  1  WO^  =  9*7.  The 
quantity  of  tungstic  acid  used  in  each  experiment  was  between  20  and 
30  grms.  The  mixture  was  exposed  in  the  charcoal  crucible  to  a 
heat  sufficient  to  keep  nickel  in  a  state  of  perfect  fusion.  In  this 
manner,  the  largest  and  finest  ciystals  were  obtained,  but  the  sur- 
rounding cmst  of  phosphide  of  tungsten  was  intimately  mixed  with 
fused  particles  of  slag,  which  could  not  be  removed  by  any  solvent. 
A  less  beautiful  product  was  obtained  by  the  use  of  pure  phosphoric 
acid  j  but  in  this  case  also  the  remarkable  formation  of  the  hollow 
geode-space  and  the  ciystallization  on  its  sides  were  exhibited.  The 
formation  of  these  crystals,  which  project  freely  and  often  perfectly 
isolated  into  the  hollow,  probably  takes  place  in  the  liquid  phosphoric 
acid,  which  at  first  remains  undecomposed  in  the  interior  of  the  mass, 
and  aftei-wards,  being  gradually  reduced  to  the  state  of  phosphorus, 
volatilizes,  leaving  the  space  hollow  and  intersected  with  the  crystals 
previously  formed. 


On  the  Composition  of  Wolfram. 
By  J.  Persoz.* 

When  crude  tungstic  acid,  in  the  state  in  which  it  is  obtained 
from  wolfram,  is  fused  with  five  or  six  times  its  weight  of  nitre,  at  a 
gradually  increasing  temperature,  three  distinct  salts  are  obtained, 
possessing  different  characters,  and  derived  from  essentially  difi'erent 
acids. 

*  Compt.  Rend.  XXXIV,  13.5. 
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If  the  heat  be  raised  only  a  little  above  the  inelting-point  of  the 
nitre,  part  only  of  the  crude  tungstic  acid  is  attacked  ;  and,  on  treat- 
ing the  product  with  hot  water,  we  obtain  a  solution  of  a  salt  A,  and 
an  insoluble  residue  a;. 

The  residue  x,  treated  with  a  large  excess  of  nitric  acid  at  a  tempe- 
rature a  little  below  that  at  which  the  nitre  decomposes,  becomes 
very  fluid,  but  not  transparent.  On  treating  the  product  with  boil- 
ing water,  the  excess  of  nitre  is  dissolved,  together  with  a  large  quan- 
tity of  another  salt  B,  and  there  remains  an  insoluble  salt  C,  which 
passes  through  the  filter  as  soon  as  the  wash-water  becomes  pure. 

The  solution  A,  when  left  to  itself,  first  deposits  free  nitre,  if  any 
of  that  substance  be  present,  and  afterwards  agglomerates  into  a 
mass  of  crystals,  composed  of  nitre  and  water,  together  with  a  very 
small  quantity  of  a  salt  belonging  to  the  tungstic  group.  Boiling 
water  decomposes  these  crystals,  dissolving  the  nitre,  and  leaving  a 
flocculent  residue,  which,  when  digested  and  frequently  washed  with 
hydrochloric  acid,  is  converted  into  a  mealy  powder,  very  soluble  in 
water,  but  insoluble  in  those  acids  which  have  a  great  attraction  for 
water.  The  solution,  when  evaporated  to  dryness,  leaves  a  yellowish- 
white  residue,  which,  if  unaccompanied  by  foreign  matter,  redissolves 
completely  in  water,  forming  a  solution  possessing  strongly  acid 
characters.  This  solution  is  not  precipitated  by  nitrate  of  silver; 
zinc  reduces  it,  forming  the  blue  oxide.  When  treated  with  acids 
which  have  a  strong  attraction  for  water,  it  loses  its  water  of  hydra- 
tion, and  reproduces  the  mealy  powder  above  mentioned.  When 
evaporated  in  vacuo,  it  leaves  a  yellow  crystalline  mass,  which,  if  the 
acid  is  very  pure,  is  composed  of  regular  octohedrons. 

Salt  B. — This  salt  is  composed  of  excess  of  nitre,  mixed  with  tung- 
state  of  potash,  properly  so  called. 

Insoluble  salt  C. — When  this  salt  is  heated  to  redness  with  caustic 
potash,  and  the  fused  mass  digested  in  water,  a  residue  of  oxide  of 
iron  is  obtained,  together  with  a  solution,  which,  when  treated  with 
a  slight  excess  of  nitric  acid,  forms,  on  boiling,  a  milk-white, 
pulverulent  precipitate,  which  is  likewise  an  acid  distinct  from  either 
of  the  preceding.  This  acid  and  all  its  salts  exhibit  the  peculiar  pro- 
perty of  passing  through  the  filter  when  washed  wdth  pure  water. 
It  resembles  ordinary  tungstic  acid  in  most  of  its  properties ;  but 
difi'ers  from  it  by  certain  very  decided  characters ;  for  example,  it 
changes  from  w^hite  to  yellow  w^hen  heated,  and  recovers  its  original 
colour  on  cooling.  In  other  characters  it  seems  to  bear  some  resem- 
blance to  niobic  acid. 
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VII. — On  a  New  Method  of  obtaining  Hijjpuric  Acid  in  considerable 
quantity  without  evaporation  of  the  Urine ;  and  on  some  of  its 
Products  of  Decomposition. 

By    Edward    Riley,    F.C.S., 

ASSISTANT    AT    THE    MUSEUM    OF    PRACTICAL    GEOLOGY. 

The  preparation  of  hippuric  acid  by  the  methods  usually  adopted 
is  tedious,  and  involves  considerable  labour.  ]Many  processes  have 
been  proposed,  but  all  experimenters  on  this  subject  have  adopted 
the  plan  of  evaporating  the  urine  to  J  or  |  of  its  original  bulk. 
H.  Schwarz  mentions,*  in  speaking  of  the  preparation  of  hippuric 
acid,  that  a  urine  is  rarely  obtained  which  gives  hippuric  acid  simply 
on  the  addition  of  hydrochloric  acid,  without  evaporation.  Lowig 
also  mentions,  that  by  the  addition  of  hydrochloric  acid  to  cow's 
urine,  a  crystalline  precipitate  is  deposited,  which  the  older  chemists 
considered  to  be  benzoic  acid. 

I  shall  now  describe  some  experiments  by  which  I  have  been  led 
to  a  simplification  of  the  method  of  preparing  this  acid.  Three  parts 
of  fresh  cow's  urine  obtained  from  the  same  cow  were  treated 
according  to  Liebig's  process,  as  given  in  Turner's  "Elements  of 
Chemistry;"  the  cow  from  which  it  was  voided  was  fed  upon 
brewers'  grains  twice  in  the  twenty-four  hours,  and  allowed  to 
graze  on  a  neighbouring  common.  The  urine  was  heated  on  a 
water-bath  from  a  half  to  three-quarters  of  an  hour  with  an  excess 
of  milk  of  lime,  during  which  time  distinct  traces  of  ammonia  were 
evolved ;  it  was  then  filtered  from  the  undissolved  lime,  neutralized 

*   Clrem.  (iaz.  Aug.  ],  Iftt.'j. 
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\vith  hydrochloric  acid,  left  slightly  acid,  and  then  evaporated  to 
about  -i  01'  To  ^^  its  original  bulk ;  the  portion  that  crystallised 
on  cooling  was  filtered  from  the  residue,  and  purified  by  treating  it 
three  times  with  animal  charcoal  and  lime,  and  then  crystallising. 
Thus  obtained,  it  was  perfectly  white,  and  in  long  acicular  needles  ; 
but  the  quantity  did  not  amount  to  more  than  from  5  to  10  grains. 

The  quantity  being  small,  three  other  pints  of  urine  were 
treated  as  above  described,  except  that,  after  filtration  the  lime  was 
left  in  excess ;  the  evaporation  was  not  so  rapid  as  in  the  former  case. 
From  the  small  solubility  of  hippuric  acid,  I  thought  some  might  be 
'obtained,  although  it  was  only  evaporated  to  j  of  its  original  bulk. 
Hydrochloric  acid  was  added,  an  immediate  precipitate  was  formed 
which  appeared  in  exceedingly  minute  ci-ystals,  almost  like  an  amor- 
phous powder ;  this  was  filtered  off.  Thinking  that  more  might 
possibly  be  procured,  another  portion  of  acid  was  added:  a  very 
considerable  quantity,  amounting  to  five  or  six  times  that  previously 
obtained,  was  deposited,  and  removed  by  filtration.  This  unexpected 
result  induced  me  to  add  another  portion  of  acid,  and  as  large  a 
quantity  was  produced  as  in  the  second  case;  this  was  separated 
from  the  liquid,  which  now  ceased  to  give  any  further  precipitate 
on  the  addition  of  an  acid.  From  these  circumstances,  it  was  obvious 
that  hippuric  acid  must  be  more  insoluble  in  a  very  acid  solution  in 
the  cold,  than  in  a  solution  slightly  acidulated. 

Hydrochloric  acid  was  added  to  some  of  the  urine  that  had  not 
been  used  in  the  previous  operation,  and  in  a  few  seconds,  crystals 
began  to  form,  shooting  out  in  needles  from  a  nucleus ;  after  it  had 
stood  a  few  minutes,  the  bottom  of  the  flask  was  completely  covered 
with  a  crystalline  deposit  of  hippuric  acid  of  considerable  thickness. 
The  amount  of  hippuric  acid  obtained  from  the  three  pints  concen- 
trated by  evaporation,  amounted  to  about  6  oz.  by  measure  after 
the  liquid  had  been  decanted.  These  results  led  to  some  further 
experiments  on  the  urine  of  cows,  The  urine  from  several  cows  was 
tested  at  various  times,  and  generally  gave  large  quantities  of  biy- 
puric  acid  on  addition  of  hydrochloric  acid. 

It  was  found  from  various  experiments,  that  |  oz.  of  hydro- 
chloric acid  to  a  pint  of  urine,  gave  the  best  results.  Sulphuric  acid 
appeared  to  separate  colouring  matter. 

Sometimes  but  little  was  to  be  obtained  from  the  urine,  at  other 
times  very  considerable  quantities  were  obtained.  The  urine  was 
tested  in  the  following  manner :  about  3  or  4  oz.  of  it  were 
poured  into  a  precipitating  glass  with  about  |  to  |  of  a  drachm 
of  hydrochloric  acid.     If  no  precipitate  appeared  it  was  vigorously 
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stirred,  when  hippuric  acid  would  be  precipitated  in  considerable 
quantity  at  the  bottom  of  the  glass.  If,  on  the  contrary,  the 
liquid  were  not  stirred,  needle  crystals  would  shoot  out  from  a 
nucleus,  some  adhering  to  the  sides  of  the  glass,  others  falling  to 
the  bottom. 

It  was  desirable  to  know  the  exact  quantity  of  hippuric  acid  that 
could  be  procured:  1  pint  of  urine  was  taken  from  a  cow,  |  oz. 
by  measure  of  commercial  hydrochloric  acid  added;  it  was  then 
allowed  to  stand  twelve  hours,  filtered  on  two  filters,  one  exactly 
counterpoising  and  encircling  the  other,  and  dried  gradually  in  the 
air,  until  it  ceased  to  lose  weight.     The  weight  thus  obtained  was 

158*88  grains, 

calculated  per  cent  gives         2 '2  69 

„         per  imp.  gal.     1270*64!     or  2  9  oz.  avoirdupoise. 

The  hippuric  acid  was  only  slightly  coloured.  It  was  lightly 
scraped  from  the  filter,  and  the  filters  were  again  weighed,  when  the 
excess  was  found  to  be  0'92. 

This  deducted,  and  calculated  as  before,  gives  157*78  grains, 

calculated  per  cent  gives         2*252 

„         per  imp.  gal.     1262*240  or  2*88  oz.  avoirdupoise. 

Thus  showing,  that  the  little  colouring  matter  on  the  filter  made 
no  appreciable  difference,  in  fact,  some  small  quantity  of  hippuric 
acid  was  left  adhering  to  it. 

The  method  of  obtaining  and  purifying  the  hippuric  acid  was  as 
follows  :  the  urine  was  caught  from  five  to  seven  in  the  morning 
from  seven  cows,  the  urine  from  each  being  put  into  a  separate 
vessel ;  each  urine  was  tested  in  the  manner  before  described ;  that 
which  gave  an  immediate  precipitate  on  stirring,  was  poured  into  a 
large  vessel,  whilst  the  rest  was  rejected.  It  was  mixed  with  com- 
mercial hydrochloric  acid  in  the  proportion  of  |  oz.  by  measure 
to  a  pint ;  this  was  left  until  the  evening,  when  the  hippuric  acid  was 
decanted  from  the  supernatant  liquor,  and  was  afterwards  thrown  on 
a  square  filter ;  the  urine  collected  during  the  day,  was  then  treated 
in  a  similar  manner,  and  filtered  off  the  following  morning.  I  have 
in  this  way,  obtained  from  a  gallon,  as  much  as  would  twice  fill  a 
small  2  oz.  ladle  when  pressed  down  tight,  and  sometimes  rather 
more;  the  hippuric  acid  was  freed  from  the  excess  of  urine,  by 
twisting  it  in  a  piece  of  linen  into  a  ball,  and  then  squeezing  it  until 
no  more  liquid  was  expressed. 

When  about  seven  of  these  measures  had  been  obtained,  amounting 
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to  1|  lb.  by  weight,  of  the  moist  hippuric  acid,  all  the  urine  being 
expressed  that  was  possible  by  simple  pressure,  it  was  plaeed  in  a 
large  thin  milk-pan,  of  a  capacity  of  2^  gallons,  rain-water  added, 
and  an  excess  of  lime,  and  about  3  oz.  of  commercial  animal  charcoal ; 
the  milk-pan  was  then  placed  over  an  ordinary  washing-copper,  and 
the  water  in  the  latter  heated  to^  boiling.  The  mixture  was  heated 
until  all  the  hippuric  acid  was  dissolved,  then  kept  at  the  same 
temperature  about  half,  an  hour  longer,  filtered  through  large  filters 
into  another  similar,  pan,  replaced  on  the  copper,  heated  until  the 
temperature  did  not  rise,  then  neutralized  with  hydrochloric  acid, 
and  about  4  to  5  oz.  by,  measure  more  of  the  hydrochloric  acid  added. 
It  was  carefully  covered  and  left  until  the  next  morning,  when  the 
liquid  was  found  to  be  still  luke-warm  ;  but  magnificent  crystals,  of  the 
square  prismatic  form,  sometimes  3  inches  in  length,  were  found 
adhering  to  the  sides  and  bottom  of  the  dish ;  the  dish  was  allowed 
to  cool  on  the  copper,  which  was  not  cool  on  the  evening  following 
that  on  which  it  was  purified.  The  crystals  were  drained,  and 
allowed  to  dry  between  blotting-paper.  The  crystals  thus  obtained 
had  only  a  slight  tinge  of  colour,  being  sometimes  rather  more,  some- 
times rather  less  than  |  lb.  in  weight.  I  have  occasionally  obtained 
them  nearly  white,  by  the  first  crystallization,  when  the  animal 
charcoal  was  good.  By  repeating  the  above  operation  on  the  crys- 
tals, they  may  be  obtained  in  beautiful  snow-white  prisms,  without  a 
tinge  of  colour.  It  often  happens  that  the  whole  of  the  hippuric 
acid  does  not  crystallize  out,  that  sometimes  considerable  quantities 
may  be  obtained  by  adding  4  or  5  oz.  of  hydrochloric  acid  to  the 
rnother-liquor ;  a  small  portion  of  the  mother-liquor  should  always 
be  tested,  to  see  whether  any  more  acid  may  be  obtained  from  it ; 
this  sometimes  happens  in  purifying  the  acid  at  one  time,  whilst  not 
at  another. 

The  acid  prepared  in  the  above  manner  was  submitted  to  analysis, 
after  being  twice  recrystallized  from  distilled  water,  to  purify  it  from 
a  trace  of  lime  which  it  invariably  contains ;  when  prepared  as  above, 
it  gave,  on  analysis,  results  agreeing  with  the  established  formula : 
CjgNHgO.  +  HO. 

It  is  important  to  know  from  what  food  the  greatest  quantity  of 
hippuric  acid  is  produced.  The  observations  made  on  this  subject 
tend  to  show,  that  when  cows  are  fed  on  grass,  the  hippuric  acid 
exists  in  the  urine  in  the  largest  quantity.  The  urine  from  cattle  fed 
on  other  food  does  not  give  so  large  a  quantity  of  hippuric  acid. 

I  think  we  may  infer  (though  perhaps  not  without  a  doubt),  that 
the  hippuric  acid  is  obtained  from  the  grasses  in  the  pastures,  some 


ON    A    NEW    METHOD    OF    OBTAINING    HIPPURIC    ACID. 


101 


of  whicli  contain  a  peculiar  substance,  cumarin,  thought  to  be 
benzoic  acid  previously  to  the  examination  of  Dr.  Bleibtreu,*  which 
probably  may,  by  its  passage  through  the  animal  organism,  be  trans- 
formed into  hippuric  acid,  the  cumarin  occm'ring  in  the  Antho- 
ranthum  odoratum,  or  spring  grass,  common  in  our  meadows ;  also 
in  the  Melilotus  officinalis,  or  melilot,  and  in  the  Asperula  ado- 
rata,  or  woodruff.     This  subject  I  hope  to  investi.^ate. 

Through  the  kindness  of  Professor  Miller,  of  Cambridge,  I  am 
enabled  to  give  the  form  of  the  crystals  of  hippuric  acid,  which, 
previously  to  his  examination,  I  thought  I  had  succeeded  in  obtaining 
in  two  different  forms  ;  but  he  assures  me  they  are  similar. 

Prismatic  symbols  of  the  simple  forms  : 

a  100,  b  010,  c  001,  e  101,  v  Oil,  m  110,  r  111. 

The  face  c  is  com.mon  to  the  zones  ee,  vv  ;  c  is  common  to  the 
zones  eb,  va. 

The  faces  a,  b,  c,  r,  are  very  small. 

The  au2:les  between  normals  to  the  faces  are : 


be 

90° 

0' 

ca 

90 

0 

a  b 

90 

0 

vv 

91 

35 

e  e 

81 

32 

mm 

79 

58 

em 

65 

11 

ve 

58 

7 

vm 

56 

42 

r  V 

31 

1 

rm 

36 

41 

lecon 

ipose 

the  hippuric    acid 

ute 

nitric 

acid  may  be  used 

Cleavage  c,  tolerably  perfect. 

Strong  acids,  as    is  well   know 
into  benzoic  acid  and    glycocol. 

to  purify  hippuric  acid,  the  nitric  acid  only  destroying  the  colour- 
ing matter.  I  have  in  this  way  obtained  very  good  crystals, 
free  from  colour.  Strong  hydrochloric  acid  readily  dissolves 
hippuric  acid;  and  after  boiling  some  time,  the  mass  becomes 
turbid,  and  an  oily  substance  of  a  dark  colour  floats  on  the  surface, 
viz.,  benzoic  acid,  which  crystallizes  on  cooling,  and  may  be  separated 
by  filtration  from  the  hydrochloratc  of  glycocol,  which  remains  in 
solution. 

The  benzoic  acid  thus  obtained,  being  submitted  to  sublimation  in 
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the  apparatus  described  by  Mohr,  gives  beautiful  crystals  of  per- 
fectly white  benzoic  acid,  with  only  a  slight  odour. 

I  have  obtained  considerable  quantities  of  benzoic  acid  by  the 
above  method,  and  am  convinced  that  it  might  be  prepared  from  this 
source  much  more  economically  than  from  gum  benzoin. 

I  have  also  prepared  glycocol  from  the  mother-liquor  by  the 
method  of  Dessaignes.  In  reference  to  this  substance,  I  may 
mention  that  I  have  not  been  able  to  obtain  the  fiery-red  colour 
mentioned  by  Mr.  Horsford,  on  heating  glycocol  with  a  strong  solu- 
tion of  potash.     Schwarz*  makes  the  same  observation. 

I  have  prepared  glycocol  by  the  action  of  sulphuric  acid  on 
hippuric  acid,  which  appears  to  act  as  well  as  hydrochloric  acid.  The 
excess  of  sulphuric  acid  is  removed,  and  the  sulphate  of  glycocol 
decomposed  by  precipitated  carbonate  and  a  little  hydrate  of  baryta, 
whereby  a  sweet  solution  is  obtained  which  crystallizes  in  apparently 
different  crystals  to  those  prepared  by  the  action  of  hydrochloric 
acid  on  hippuric  acid;  they  all  effloresce  on  exposure  to  the  air. 
They  have  not  been  analyzed. 


VIII. — Contributions  toivards  the  history  of  Tannic  Acid. 

By  Dr.  Strecker. 

(from  a  letter  to  dr.  hofmann.) 

The  opinions  of  chemists  regarding  the  transformation  of  tannic 
into  gallic  acid  are  still  divided.  Whilst  some  assume  that  tannic 
acid  splits  into  gallic  acid,  cai^bonic  acid  and  water,  Mulder  has 
lately  asserted  that  the  whole  amount  of  carbon  in  tannic  acid  passes 
over  into  gallic  acid,  only  water  being  assimilated,  so  that  the  two 
acids  would  contain  the  same  number  of  carbon  equivalents;  and 
Wetherill  has  even  gone  so  far  as  to  consider  tannic  and  gallic 
acids  as  isomeric. 

The  observation  that  the  distillation  of  tannic  acid,  even  when 
conducted  with  the  utmost  care,  invariably  yields  a  certain  amount 
of  a  non-volatile  residue,  whilst,  according  to  the  old  formula,  it 
should  split  exactly  into  pyrogallic  acid,  carbonic  acid  and  water, 
together  with  the  well-known  fact  that  the  action  of  powerful  acids 
upon  tannic  acid  invariably  gives  rise  to  the  formation  of  an  ulmin- 
like  body,  whilst  gallic  acid  is  not   affected  by  acids  of  the  same 

*  Chem,  Gaz.  1850,  475. 
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concentration,    suggested   to    me  tlie  idea   that  tannic    acid    might 
contain  another  compound  in  addition  to  gallic  acid. 

On  examining  the  question,  I  have  arrived  at  the  curious  result 
that  tannic  acid,  when  acted  upon  by  acids,  yields,  together  with 
gallic  acid,  sugar,  so  that  henceforth  tannic  acid  may  be  classed  with 
the  conjugate  sugar-compounds.  I  have  thrown  down  a  solution 
of  pure  tannic  acid  with  sulphuric  acid ;  boiled  the  precipitate  of 
sulphate  of  tannin  with  water,  or  very  dilute  sulphuric  acid ;  neutra- 
lised the  solution  with  carbonate  of  lead ;  and  precipitated  the  gallic 
acid  still  dissolved  with  acetate  of  lead.  The  liquid,  when  freed  from 
the  excess  of  acetate  of  lead  by  hydrosulphuric  acid,  gave,  on  evapo- 
ration, a  syrupy  residue,  possessing  all  the  properties  of  sugar, 
modified  by  acids.  It  reduced  an  alkaline  solution  of  protoxide 
of  copper,  although  it  did  not  contain  a  trace  of  gallic  acid  (which 
produces  the  same  effect),  and  readily  fermented  on  addition  of  yeast. 
This  latter  experiment  appears  to  me  conclusive.  Accordingly,  the 
formula  of  tannic  acid  will  have  to  be  altered ;  and  although  I  have 
not  yet  been  able  to  determine  the  quantity  of  sugar  Avhich  is 
produced  by  a  known  weight  of  tannic  acid,  I  nevertheless  even 
now  believe  that  the  composition  of  this  substance  is  represented  by 
the  formula  : 

as  will  be  seen  from  the  subjoined  comparison  of  the  numbers  found 
and  calculated  : 

Theory.    Berzelius.     Liebig.  Mulder.  Strecker. 

C40       .     .     51-5         51-5         51-5         51-5-52-1         51-4-51-5 
H18       .     .       3-8  38  4.-1  3-6-   3-9  3-9-  3-9 

Oo.       .     .     44-7  —  —  —        —  —        — 


100-0 


Thus   the   transformation    would    take    place    according    to    the 
following  equation  : 

C,oHi8026+ 10 110  =  2  (Cj^HgO,.)  -t-  C^JIiAd- 
As  the  number  of  water-equivalents  which  is  assimilated  in  this 
change  is  unusually  large,  the  question  arises  whether  tannic  acid  is 
a  perfect  analogue  of  the  other  conjugated  sugar-compounds ;  at  all 
events,  we  have  to  assume  a  hydrate  of  carbon  in  a  state  of  conjugation. 
From  these  experiments  it  is  evident  that  this  conjugate  sugar- 
compound  belongs  to  the  principles  most  universally  diffused  in 
vegetable  nature,  and  it  can  scarcely  be  doubted  that  the  other 
tannin-like  substances  will  have  an  analogous  composition. 
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IX. —  On  the  detection  and  qualitative  separation  of  Tin,  Anti- 
mony, and  Arsenic ;  and  on  the  relation  existing  between  these 
metals,  and  others  tvhich  are  jirecijntated  from  their  acid  solutions 
by  Sulphuretted  Hydrogen. 

By  Charles  L.  Bloxam. 

The  difficulty  which  I  experienced,  some  years  since,  in  the  analysis 
of  the  alloy  known  as  Britannia  Metal,  from  the  want  of  a  certain 
and  ready  method  of  separating  tin,  antimony,  and  arsenic,  induced 
me  to  undertake  a  close  investigation  into  the  reactions  of  these  three 
metals ;  and  the  results  of  this  inquiry  have  appeared  to  me  to  possess 
so  much  interest,  that  I  venture  to  lay  them  before  the  Society. 

There  is,  perhaps,  no  problem  in  the  whole  range  of  qualitative 
analysis  which  has  engaged  so  much  attention,  and  so  repeatedly 
defied  all  attempts  at  solution,  as  the  separation  of  the  three  metals 
under  consideration ;  and  the  reason  of  this  is,  evidently,  the  great 
similarity  in  properties  exhibited  by  two  of  the  metals,  antimony  and 
arsenic,  conjoined  with  the  disposition  of  the  third,  tin,  to  form  an 
insoluble  binoxide,  which  enters  into  combinations,  likewise  insoluble, 
with  the  oxides  of  antimony  and  arsenic. 

Before  describing  the  method  which  I  have  found  the  most  effective 
for  the  separation  of  these  metals,  I  shall  briefly  pass  in  review  some 
of  those  which  have  been  already  proposed  for  effecting  this  object. 
In  doing  this,  however,  I  shall  only  mention  those  methods  which 
are  applicable  in  ordinary  qualitative  analysis,  omitting  those  which 
were  designed  only  for  the  separation  of  the  metals  in  particular 
cases,  as  well  as  those  processes  which  requii-e  a  great  expenditure, 
either  of  time  or  skill,  on  the  part  of  the  analyst. 

The  observation  made  some  years  ago  by  Levol,*  that  the  three 
metals  could  not  be  separated  by  means  of  nitric  acid,  perfectly 
coincides  with  the  result  of  my  own  experiments,  which  have  shown 
that  small  quantities  of  arsenic  are  not  dissolved  out  of  a  mixture 
containing  tin,  antimony,  and  arsenic,  by  nitric  acid. 

The  method  proposed  by  Simon f  for  the  detection  of  small 
quantities  of  arsenic  in  the  presence  of  antimony,  consists  in  fusing 
the  mixed  sulphides  of  these  metals  with  nitrate  of  potash,  extracting 
the  fused  mass  with  water,  acidulating  the  filtered  solution  with  nitric 

*  Ann.  Chim.  Pliys.  [3]  XVI,  493. 
t  Pogg.  Auu.  XL,  411. 
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acid,  adding  nitrate  of  silver,  and  precipitating  the  arseniate  of  silver 
by  the  careful  addition  of  ammonia. 

In  order  to  ascertain  whether  this  method  could  be  applied  to  the 
separation  of  the  three  metals  in  cases  where  but  a  small  quantity  of 
arsenic  is  present,  I  prepared  a  solution  containing 
0'0475  grm.  antimony, 
0-0475     „     tin, 
and  O'OOoO     „     arsenic, 

(corresponding  to  47*5  per  cent  of  antimony,  47*5  per  cent  of  tin, 
and  5  per  cent  of  arsenic,)  but  failed  in  detecting  the  arsenic  by 
treating  the  precipitated  sulphides  according  to  the  method  detailed 
above.  I  have  found,  moreover,  as  would  be  expected,  that  this 
method  is  very  unsafe,  even  for  the  detection  of  larger  quantities  of 
arsenic;  since  it  is  very  difficult  to  add  exactly  the  amount  of  am- 
monia necessary  to  neutralize  the  free  acid,  and  it  is  well  known  that 
the  arseniate  of  silver  is  soluble  in  the  slightest  excess,  either  of  nitric 
acid  or  of  ammonia. 

I  have  also  tried  to  apply  to  the  separation  of  antimony,  tin,  and 
arsenic,  the  method  recommended  by  Meyer*  for  the  separation  of 
antimony  and  arsenic.  This  method  consists  in  fusing  the  mixed 
metals  (antimony  and  arsenic)  or  their  sulphides,  oxidised  by  nitric 
acid,  with  nitrate  of  soda,  and  extracting  the  arseniate  of  soda  from 
the  fused  mass  with  water,  which  leaves  the  antimony  in  the  residue. 
Since,  if  tin  were  present,  it  would  also  be  left  in  the  residue,  I 
thought  it  might  be  practicable  to  separate  the  antimony  and  tin  by 
treating  this  residue  with  tartaric  acid.  Bisulphide  of  tin  was  dried 
and  fused  with  nitrate  of  soda;  the  fused  mass  was  extracted  with 
cold  water ;  the  aqueous  solution  was  perfectly  free  from  tin ;  the 
residue  was  washed,  and  boiled  with  a  concentrated  solution  of  tartaric 
acid,  the  solution  filtered,  mixed  with  hydrochloric  acid,  and  subjected 
to  a  current  of  sulphuretted  hydrogen,  when  a  yellow  precipitate  of 
bisulphide  of  tin  was  obtained. 

INIoreovcr,  when  tersulphide  of  antimony  was  treated  according  to 
this  process,  the  residue  left  by  water  could  not  be  entirely  dissolved 
by  tartaric  acid. 

These  experiments  proved  that  no  dependence  could  be  placed  upon 
this  method  for  the  separation  of  antimony  and  tin. 

Some  experiments  have  also  bc(;n  tried  upon  the  method  recently 
proposed  by  Fleitmannf  for  the  detection  of  tin,  antimony,  and 
arsenic. 

*  Ann.Ch.  Pharm.  LXVJ,  23G. 
t  Ann.  Cli.  Pliaini.  Jan.  1851. 
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This  method  consists  in  testing  for  arsenic  in  one  portion  of  the 
solution,  by  adding  excess  of  potassa,  and  boiling  with  metallic  zinc, 
when,  if  arsenic  be  present,  arsenictted  hj^drogen  will  be  evolved, 
and  may  be  recognised  by  its  property  of  blackening  a  solution  of 
nitrate  of  silver;  whilst  antimony  and  tin  are  detected  by  treating 
the  other  portion  of  the  solution  with  zinc  and  hydrochloric  acid,  and 
kindling  the  hydrogen  which  is  evolved ;  the  flame  of  antimonietted 
hydrogen  is  known  by  its  depositing,  upon  a  porcelain  plate,  a  spot 
of  antimony,  insoluble  in  solution  of  hypochlorite  of  soda,  whilst  the 
arsenic  spot  is  soluble  in  this  reagent.  The  tin  is  then  detected  by 
boiling  the  metals  reduced  by  zinc,  with  hydrochloric  acid,  and  testing 
the  solution  for  protochloride  of  tin  with  hydrosulphuric  acid. 

In  order  to  prove  this  method,  I  employed  it  in  testing  a  solution 
containing 

0-095  grm.  tin 
and  0005     „     antimony, 

when  the  metallic  stain,  deposited  upon  a  porcelain  dish,  was  not 
redissolved  by  solution  of  chloride  of  soda  (prepared  by  transmitting 
a  very  slow  current  of  chlorine  through  a  dilute  solution  of  carbonate 
of  soda,  until  it  was  but  slightly  alkaline). 

On  the  other  hand,  when  a  solution  containing 

0-095  grm.  tin 
and  0-005     „     arsenic 

was  employed,  the  metallic  stain  was  instantly  dissolved  by  solution 
of  chloride  of  soda. 

I  could  not  succeed  in  detecting  the  antimony  by  this  method  in 
solutions  containing  respectively  : 

0*099  grm.  arsenic 
and  0-001     „     antimony, 

0-495  grm.  arsenic 
and  0*005     „     antimony, 

and 

0-095  grm.  arsenic 
and  0-005     „     antimony, 

since,  in  these  three  cases,  the  very  large  metallic  crusts  which  v»^ere 
deposited  upon  the  porcelain,  dissolved  entirely  in  solution  of  chlo- 
ride of  soda. 

Hence  it  appears,  that  this  method  does  not  enable  us  to  detect 
even  5  per  cent  of  antimony  in  a  mixture  of  that  metal  with  arsenic. 
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The  test  for  arsenic  furnishes  results  which  are  far  more  satis- 
factory. 

A  solution  containing 

0-095  grni.  tin 
and  0  005     „     arsenic 

was  mixed  with  a  considerable  excess  of  potash,  and  a  few  fragments 
of  granulated  zinc  (free  from  arsenic)  introduced  ;  the  flask  containing 
the  mixture  was  then  fitted  with  a  perforated  cork  carrying  a  short 
piece  of  wide  glass  tube,  and  heated  to  boiling  upon  a  sand-bath ; 
when  a  piece  of  paper  spotted  with  solution  of  nitrate  of  silver  was 
held  over  the  extremity  of  the  tube,  the  black  arsenide  of  silver  was 
immediately  formed. 

In  another  experiment,  a  solution  containing 

0*495  grm.  antimony 
and  0"495     „     tin 

was  treated  according  to  the  above  method ;  no  black  spot  was  visible 
upon  the  paper,  but  when  0*01  grm.  arsenic  was  added  to  the  mix- 
ture, a  black  spot  was  at  once  produced. 

Other  experiments  were  tried,  all  tending  to  show  that  this  test  is 
a  most  valuable  one  for  arsenic  in  the  presence  of  antimony,  and  will 
probably  be  found  of  great  service  in  judicial  investigations,  espe- 
cially as  it  may,  in  all  probabilitj',  be  applied  equally  well  to  a  potash 
solution  of  the  sulphides  of  these  metals. 

The  objections  which  seem  to  me,  therefore,  to  restrict  the  appli- 
cation of  Fleitmann^s  method,  have  regard  chiefly  to  the  test  for 
antimony,  since  it  has  been  shown  that  small  quantities  of  this  metal 
may  escape  detection;  moreover,  the  solution  of  chloride  of  soda 
cannot  be  preserved  for  any  length  of  time,  and  the  operation 
requires  a  special  apparatus,  which  it  is  well,  if  possible,  to  avoid  in 
qualitative  analysis. 

I  have  attempted  to  apply,  qualitatively,  the  last  method  proposed 
by  Hose*  for  the  quantitative  separation  of  tin,  antimony,  and  arsenic, 
which  consists  in  fusing  the  mixed  oxides  (obtained  by  treating  the 
metals  with  nitric  acid)  with  caustic  soda,  digesting  the  fused  mass 
with  water,  and  precipitating  the  last  traces  of  antimoniate  of  soda  by 
means  of  alcohol. 

Tcrsulphide  of  antimony  was  oxidised  with  nitric  acid,  dried,  and 
fused  with  a  large  excess  of  hydrate  of  soda  in  a  silver  crucible ;  the 
fused   mass  was  digested  with  cold  water,  and  set  aside  for  twelve 

*  Bcrl.  Monatbcr. ;  Togg.  Ann.  LXXIH,  582. 
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hours;  the  sokition  was  then  filtered,  and  mixed  with  somewhat 
more  than  one-third  of  its  volume  of  strong  alcohol,  and  allowed  to 
stand  during  the  night ;  a  considerable  quantity  of  antimoniate  of 
soda  was  deposited,  and,  on  filtering  this  off,  and  testing  the  clear 
liquid  with  hydrochloric  and  hydrosulphuric  acids,  scarcely  a  trace  of 
antimony  was  detected. 

When  tersulphide  of  arsenic  was  treated  in  exactly  the  same 
manner,  and  the  aqueous  solution  of  the  fused  mass  was  mixed  with 
alcohol  and  allowed  to  stand  for  some  hours,  numerous  small  crystals 
were  deposited,  which,  after  washing  with  alcohol  till  free  from  ad- 
hering arsenic,  were  shown  to  contain  this  metal  in  considerable 
quantity;  this  circumstance,  of  course,  would  prevent  the  application 
of  the  method  in  qualitative  analysis,  since  it  appeal's  that  unless 
attention  be  paid  to  the  strength  and  quantity  of  the  spirit,  as 
mentioned  in  Rose's  paper,  arsenic  and  antiuiony  might  both  be 
found  in  the  precipitate  ;  moreover,  I  may  cite,  as  an  objection  to 
the  qualitative  application  of  this  process,  the  rather  considerable 
quantity  of  substance  required,  which  is  seldom  at  ovir  disposal  in  the 
examination  of  this  group  of  oxides. 

I  have  also  found  that  a  small  quantity  of  arsenic  cannot  be 
detected  in  a  mixture  of  the  three  metals,  by  this  method  of  fusion 
with  hydrate  of  soda. 

An  alloy  containing  a  large  quantity  of  tin,  together  with  small 
quantities  of  antimony  and  arsenic,  was  oxidised  with  nitric  acid,  and 
the  residue  fused  with  excess  of  hydrate  of  soda;  the  fused  mass 
was  boiled  with  water,  in  which  it  almost  entirely  dissolved;  the 
solution  was  acidulated  with  nitric  acid,  and  filtered ;  the  filtrate  was 
carefully  tested  for  arsenic  by  evaporating  to  a  small  bulk,  mixing 
with  excess  of  ammonia,  evaporating  to  dryness,  redissolving  in 
water,  and  adding  nitrate  of  silver,  when  no  precipitate  whatever 
was  obtained;  on  the  other  hand,  the  precipitate  produced  by 
nitric  acid  in  the  aqueous  solution  of  the  fused  mass,  was  mixed 
with  charcoal,  and  reduced  with  cyanide  of  potassium  and  carbonate 
of  soda  in  a  crucible;  the  metallic  button  was  found  to  contain 
arsenic. 

Rose's  method  is  also  inapplicable  in  ordinary  qualitative  analysis 
to  the  separation  of  antimony  and  tin,  because,  previously  to  oxidation 
by  nitric  acid,  these  must  be  reduced  to  the  metallic  state,  which 
cannot  be  conveniently  effected  when  small  quantities  are  to  be 
examined. 

The  following  experiment  was  made  to  ascertain  whether  the 
residue  obtained  by  oxidising  the  tersulphide  of  antimony  with  nitric 
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acid  would  behave  in  the  same  way,  when  fused  with  hydrate  of 
soda,  as  that  produced  by  the  oxidation  of  the  metal. 

Tersulphide  of  antimony  was  oxidised  with  nitric  acid,  dried  and 
fused  with  a  large  excess  of  hydrate  of  soda ;  the  fused  mass  was 
digested  with  cold  water,  and  allowed  to  stand  for  twelve  hours ;  the 
aqueou^s  solution  was  filtered,  acidulated  with  hydrochloric  acid,  and 
sulphuretted  hydrogen  passed;  a  considerable  quantity  of  orange 
sulphide  of  antimony  was  precipitated. 

When  bisulphide  of  tin  was  oxidised  with  concentrated  nitric  acid, 
dried,  fused  for  a  considerable  time  with  a  large  excess  of  hydrate  of 
soda,  and  the  fused  mass  digested  for  twenty-four  hours  with  cold 
water,  it  slowly  dissolved,  leaving  a  very  slight  residue,  which  was 
filtered  ofi",  but  passed  through  the  filter  when  I  attempted  to  wash 
it ;  a  repetition  of  the  experiment  gave  a  similar  result ;  this  would 
point  out  a  serious  difficulty,  since  it  would  be  highly  important  that 
the  fused  mass  should  form  a  perfectly  clear  solution,  if  no  antimony 
were  present. 

An  experiment  has  been  tried  upon  the  method  of  separation  re- 
commended in  Galloway's  manual  of  qualitative  analysis. 

Bisulphide  of  tin  was  gradually  added  to  fused  nitrate  of  ammonia, 
and  the  mixture  heated  for  some  time,  until  all  nitrate  of  ammonia 
had  volatilised,  and  finally,  strongly  ignited  for  some  minutes.  The 
ignited  residue  was  boiled  with  a  strong  solution  of  tartaric  acid, 
filtered,  the  solution  mixed  with  hydrochloric  acid,  and  sulphuretted 
hydrogen  passed;  a  decided,  though  it  must  be  confessed  not  very 
abundant,  yellow  precipitate  was  obtained.  I  had  previously  often 
observed  the  partial  solubility  of  the  binoxide  of  tin  in  tartaric  acid, 
which  may  deceive  us  as  to  the  presence  of  antimony. 

The  method  of  Levol*  for  the  separation  of  tin  and  antimony, 
which  consists  in  boiling  the  finely-divided  metals  with  hydrochloric 
acid,  is  inapplicable  in  ordinary  analysis,  because,  unless  the  pre- 
cautions pointed  out  by  the  author  of  this  method  be  strictly  ad- 
hered to,  part  of  the  antimony  is  dissolved  by  hydrochloric  acid, 
as  was  originally  shown  by  Elsner,t  whose  results  have  been  con- 
firmed by  my  own  observations. 

I  have  also  tried  some  experiments  upon  the  old  method  of 
separating  tin  and  antimony  by  boiling  the  metals  reduced  by  zinc, 
with  nitric  acid,  and  separating  the  mixed  oxides  thus  obtained,  by 
means  of  tartaric  acid  or  bitartrate  of  potash. 

Antimony  which  had  been  precipitated  by  zinc  from  a  solution  of 

*  Ann.  Ch.  Phys.  XIII,  125. 
t  J.  Vr.  Cliem.  XXXV,  313. 
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the  terchloride,  was  oxidised  by  heating  with  a  mixture  of  concen- 
trated nitric  acid  with  two  volumes  of  water ;  the  oxide  was  well 
washed,  and  boiled  with  a  saturated  solution  of  tartaric  acid  for 
some  hours ;  it  would  not  entirely  dissolve ;  the  oxide  prepared 
by  using  more  dilute  nitric  acid  dissolved  to  a  somewhat  greater 
extent.     Bitartrate  of  potash  was  also  tried  with  the  same  result. 

Marsh's  method  of  separating  tin  and  arsenic,  which  consists  in 
the  evolution  of  the  latter  as  arsenietted  hydrogen  by  digesting  the 
acid  solution  with  zinc,  is  not  applicable  in  ordinary  analysis ;  firstly, 
because  of  the  difficulty  of  obtaining,  in  every  case,  a  solution  free 
from  nitric  acid ;  secondly,  because  tin  is  sometimes  an  impurity  of 
commercial  zinc,  and  thirdly,  because  antimony  interferes  with  the 
detection  of  the  arsenic. 

The  process  of  Fresenius  and  Babo,*  in  which  the  arsenic  is 
reduced  by  cyanide  of  potassium  and  carbonate  of  soda,  in  a  stream 
of  dry  carbonic  acid,  is  unexceptionable  as  far  as  the  detection  of 
arsenic  is  concerned ;  neither  antimony  nor  tin  interferes  with  this 
test ;  I  have  repeatedly  tested  pure  sulphide  of  antimony  by  this 
method,  without  obtaining  any  trace  of  metallic  sublimate.  Unfor- 
tunately, however,  so  small  is  the  quantity  of  the  mixed  sulphides  that 
can  be  employed  in  this  operation,  that  it  is  hopeless  for  an  ordinary 
analyst  to  attempt  the  separation  of  antimony  and  tin  in  the  residue. 

After  having  satisfied  myself  that  no  certain  and  easy  method 
existed  of  separating  antimony,  tin,  and  arsenic,  I  tried  a  great 
number  of  experiments  with  the  view  of  discovering  such  a  method ; 
and  since,  in  the  course  of  these  attempts,  I  have  met  with  some 
reactions  of  these  metals  of  which  I  nowhere  find  any  account,  I 
may  perhaps  be  permitted  to  bring  forward  a  few  of  them,  as  it 
appears  to  me  a  by  no  means  unimportant  branch  of  analytical 
science,  to  know  what  methods  will  not  be  competent  to  effect  a 
particular  separation. 

Tersulphide  of  antimony  was  fused  with  Liebig's  cyanide  of 
potassium,  with  continual  stirring ;  the  mass  was  retained  in  fusion 
for  some  time ;  while  fused,  it  had  a  deep  brown  colour,  but  became 
white  on  cooling ;  the  mass  dissolved  entirely  in  water,  and  the 
solution  gave  an  orange  precipitate  on  addition  of  dilute  hydrochloric 
acid ;  I  was  astonished,  that  in  this  experiment,  no  reduction  of  the 
antimony  had  taken  place. 

When  bisulphide  of  tin  was  treated  in  a  similar  manner,  globules 
of  metal  were  obtained,  and  acetic  acid,  added  to  the  aqueous  so- 
lution, gave  a  yellow  precipitate. 

*  Ann.  Ch.  Pharm.  XLIX,  287. 
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When  eitlicr  bisulphide  of  tin  or  tersulphide  of  antimony  was 
fused  with  nitrate  of  soda,  and  the  mass  extracted  with  cold  water, 
neither  metal  was  found  in  solution,  but  the  residue  left  by  water 
was,  in  each  case,  partly  soluble  in  tartaric  acid. 

Tersulphide  of  antimony  was  added  to  fused  chlorate  of  potash ; 
the  fused  mass  powdered,  and  boiled  with  water;  much  antimony 
was  found  in  the  aqueous  solution ;  but  when  bisulphide  of  tin  was 
thus  treated,  no  tin  whatever  was  found  in  the  solution ;  when  a 
mixture  of  bisulphide  of  tin  with  a  little  tersulphide  of  antimony  was 
employed,  all  the  antimony  was  left  behind  in  the  residue. 

Tersulphide  of  antimony  was  fused  with  nitrate  of   potash,  the 
mass  powdered,  and  digested  with  cold  water ;  the  solution  contained 
no  antimony,  and  the  residue  was  only  partly  soluble  in  hydrochloric 
acid- 
Bisulphide  of  tin  behaved  in  a  similar  manner. 

When  freshly  precipitated  tersulphide  of  antimony  was  oxidised 
with  cold  or  hot  concentrated  nitric  acid,  a  portion  of  antimony  was 
found  in  the  solution,  and  the  residue  was  almost  entirely  dissolved 
when  boiled  with  solution  of  tartaric  acid.  The  nitric  solution  con- 
tained more  antimony  when  a  mixture  of  one  volume  of  the  concen- 
trated acid  with  two  volumes  of  water  was  employed.  The  tersulphide 
of  antimony  dissolved  almost  entirely,  in  a  mixture  of  the  concentrated 
nitric  acid  with  four  volumes  of  water. 

On  boiling  bisulphide  of  tin  with  very  dilute  nitric  acid,  no  tin 
was  found  in  the  solution. 

A  solution  of  terchloride  of  antimony  was  boiled  with  excess  of 
carbonate  of  lime,  and  filtered ;  antimony  was  still  found  in  consi- 
derable quantity  in  the  solution. 

When  a  solution  of  bichloride  of  tin  was  treated  in  the  same 
manner,  no  tin  was  found  in  solution. 

However,  when  a  solution  containing  a  large  proportion  of  tin  and 
a  small  quantity  of  antimony  was  neutralised  with  carbonate  of  lime 
and  filtered,  no  antimony  was  found  in  solution ;  the  same  result 
was  obtained  on  boiling. 

In  the  course  of  my  examination  into  the  reactions  of  antimony 
and  tin,  I  found  that  when  a  solution  of  terchloride  of  antimony  was 
mixed  with  an  excess  of  solution  of  sesquicarbonate  of  ammonia,  and 
boiled,  the  precipitate  at  first  produced  was  entirely  redissolvod; 
whilst,  on  making  the  same  experiment  with  solution  of  bichloride  of 
tin,  no  tin  whatever  was  found  in  the  filtered  solution. 

Thinking  that  this  observation  might  lead  me  to  the  separation  of 
these  metals,  I  examined  the  reaction  more  minutely,  and  invariably 
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found  that  no  tin  could  be  detected  in  solution  after  boiling  with  an 
excess  of  sesquicarbonate  of  ammonia.  I  discovered,  however,  that 
occasionally  this  reagent  produced,  in  a  solution,  of  terchloride  of 
antimony,  a  precipitate  which  was  not  perfectly  soluble  in  excess, 
although  a  large  quantity  of  antimony  was  invariably  found  in  the 
solution.  Finding  that  this  precipitate  was  always  less  after  boiling 
the  terchloride  of  antimony  with  a  little  nitric  acid,  I  tried  whether 
the  treatment  of  the  solution  with  powerful  oxidising  agents  would 
ensure  the  complete  solubility  of  the  precipitate.  With  this  view,  I  tried 
successively,  chlorine,  chloride  of  soda,  and  chlorate  of  potash,  in 
the  presence  of  free  hydrochloric  and  nitric  acids,  but  always  with 
the  same  result,  namely,  that  although  in  many  cases  the  precipitate 
was  entirely  soluble  in  excess,  it  depended  so  much  upon  the  strength 
of  the  solution  and  upon  the  amount  of  sesquicarbonate  of  ammonia 
added,  that  it  would  be  in  vain  to  attempt  or  expect  the  complete 
solution  of  the  antimony,  although  it  was  invariably  found  that  the 
tin  was  entirely  precipitated.  I  therefore  determined  to  have  recourse 
to  a  special  method  for  the  detection  of  tin  in  the  precipitate.  After 
several  trials,  I  found  that  the  best  special  reaction  for  this  metal  was 
that  of  the  hydrochloric  solution  with  protochloride  of  mercury,  by 
which  an  incredibly  small  amount  of  tin  may  be  detected.  The 
precipitate  produced  by  sesquicarbonate  of  ammonia  was  fused  with 
cyanide  of  potassium,  the  fused  mass  digested  with  water,  and  the 
reduced  metal  boiled  with  hydrochloric  acid  ;  the  filtered  hydro- 
chloric solution  was  then  tested  with  protochloride  of  mercury,  when, 
if  a  very  small  quantity  of  tin  was  present,  it  gave  a  very  highly 
crystalline  precipitate;  with  a  larger  quantity,  a  precipitate  not 
visibly  crystalline ;  and  when  very  much  tin  was  present,  a  grey 
precipitate  of  metallic  mercury. 

In  order  to  ascertain  to  what  extent  the  above  method  was  appli- 
cable to  the  separation  of  antimony  and  tin  in  the  ordinary  course  of 
analysis,  I  analysed  solutions  containing  weighed  quantities  of  these 
metals,  always  proceeding  according  to  the  following  routine. 

The  solution  containing  the  two  metals  was  precipitated  by  sulphu- 
retted hydrogen;  the  sulphides  washed  upon  a  filter,  dissolved  in 
yellow  sulphide  of  ammonium,  reprecipitated  by  hydrochloric  acid, 
with  addition  of  a  little  hydrosulphuric  acid ;  the  precipitate,  after 
washing,  dissolved  in  hydrochloric  acid  with  a  little  nitric  acid ;  the 
solution  mixed  with  an  excess  of  sesqviicarbonate  of  ammonia,  boiled 
for  a  few  minutes,  filtered ;  and  the  filtered  solution,  after  concentra- 
tion, tested  for  antimony,  by  acidulating  with  hydrochloric  acid  and 
passing  sulphuretted  hydrogen. 
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The  filter,  with  the  white  precipitate  produced  by  sesquicarbonate 
of  ammonia^  after  washing  twice  or  thrice  with  this  reagent  (for, 
when  washed  with  water,  it  passes  through  the  filter),  was  dried, 
incinerated  in  a  porcelain  crucible,  the  ash  fused  with  a  little  cyanide 
of  potassium,  and  treated  as  above  described,  in  order  to  detect 
the  tin. 

By  this  process  I  have  succeeded  perfectly  in  detecting  the  two 
metals,  even  in  cases  where  they  have  been  mixed  in  the  proportions 
of  99  to  1,  and  when  only  0"003  grm.,  or  even  less,  of  the  metal 
which  was  in  small  quantity,  has  been  present.  In  these  cases,  the 
tin  was  always  presen'.  in  the  form  of  bichloride,  and  the  antimony 
either  as  terchloride  or  pentachloride. 

I  may  mention,  as  an  important  precaution  when  testing  for  traces 
of  tin,  that  the  reduced  metal  should  not  be  boiled  for  any  con- 
siderable period  with  hydrochloric  acid,  since  I  have  found  that  the 
reaction  with  protochloride  of  mercury  cannot  then  be  obtained ; 
whereas,  it  is  quite  sufficient  to  raise  the  acid  to  the  boiling-point, 
when  the  merest  trace  of  tin  may  be  detected. 

In  the  course  of  these  experiments,  I  have  also  found  that  the 
pure  canary-yellow  colour  of  the  bisulphide  of  tin  may  be  altered,  in 
a  very  remarkable  manner,  by  the  presence  even  of  very  small  quan- 
tities of  antimony;  in  fact,  most  ordinary  solutions  of  bichloride  of 
tin  were  found  to  give  a  greenish -yellow  precipitate  from  this  cause, 
and  a  very  slight  admixture  of  antimony  in  a  solution  of  tin  could  be 
detected  in  this  manner. 

A  solution  containing 

99*95  parts  of  tin,  as  bichloride, 
and  00*05         „       antimony,  as  terchloride, 

gave,  with  sulphuretted  hydrogen,  a  precipitate  which  had  a  decided 
green  tinge  when  compared  with  pure  bisulphide  of  tin. 
With  a  solution  of 

99-45  tin 
and  00"55  antimony, 

the  pi'ecipitatc  had  a  distinct  green  colour ;  and  on  increasing  the 
pro])ortion  of  antimony,  it  became  very  dark.  I  thought  at  first  that 
the  dark  colour  might  be  due  to  the  presence  of  protochloride  of  tin, 
but  could  not  detect  any  in  the  solution. 

Having  satisfied  myself  of  the  accuracy  of  the  above  process  for 
the  detection  of  the  tin  and  antimony,  I  next  inquired  how  far  the 
presence   of  arsenic   would   interfere   with   it.       I  found   that    when 
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arsenic  was  present,  the  addition  of  sesquicarbonate  of  ammonia  failed 
to  throw  down  the  whole  of  the  tin  ;  and  in  a  case  where  the  latter 
amounted  to  5  per  cent  of  the  arsenic,  no  precipitate  whatever  was 
produced  by  sesquicarbonate  of  ammonia  ;  moreover,  the  presence  of 
arsenic  of  course  interfered  with  the  subsequent  detection  of  the 
antimony  in  the  filtrate  from  the  binoxide  of  tin.  It  therefore 
became  necessary  to  find  some  method  of  separating  the  arsenic  from 
the  antimony  and  tin,  before  taking  any  steps  to  separate  these 
metals  from  each  other. 

Finding  that,  as  I  have  already  stated,  all  the  tin  was  precipitated 
from  a  solution  of  the  bichloride  by  carbonate  of  lime,  even  in 
presence  of  chloride  of  ammonium,  and  that  arsenic  acid  appeared 
not  to  be  precipitated  at  all  under  the  same  circumstances,  I  attempted 
to  detect  by  this  method,  1  part  of  arsenic,  as  arsenic  acid,  in 
the  presence  of  20  parts  of  tin  in  the  form  of  bichloride,  but  found 
that  the  whole  of  the  arsenic  was  carried  down  with  the  binoxide 
of  tin. 

I  also  tried  to  separate  them  by  oxidising  the  sulphides  with  nitric 
acid,  and  fusing  the  residue  with  cyanide  of  potassium  at  a  high 
temperature,  but  found  that  arsenic  could  not  be  entirely  expelled  in 
this  way. 

When  a  mixture  of  bisulphide  of  tin  and  tersulphide  of  arsenic 
(containing  1  part  of  tin  to  20  parts  of  arsenic)  was  oxidised  with 
nitric  acid,  the  residue  dried,  ignited ;  and  boiled  with  water  until  the 
aqueous  solution  gave  no  further  indication  of  arsenic,  this  metal 
could  still  be  detected  in  the  residue. 

It  was  found  that  when  the  residue  obtained  by  oxidising  a  mix- 
ture of  bisulphide  of  tin  and  tersulphide  of  arsenic  (containing  equal 
weights  of  these  metals)  with  nitric  acid,  was  fused  with  hydrate  of 
soda ;  the  fused  mass  dissolved  in  water ;  an  excess  of  nitric  acid  added ; 
the  solution  evaporated  to  dryness ;  and  the  residue  boiled  with  water ; 
the  merest  trace  of  arsenic  was  found  in  the  solution. 

This  experiment  was  repeated  with  the  same  result. 

A  mixture  of  bisulphide  of  tin  and  tersulphide  of  arsenic  contain- 
ing equal  weights  of  these  metals,  was  fused  with  nitrate  of  potash  ; 
the  fused  mass  dissolved  almost  entirely  in  water,  and  the  aqueous 
solution,  when  acidulated  with  nitric  acid,  and  heated,  gave  an 
abundant  precipitate,  which,  after  thorough  washing,  w^as  found  to 
contain  arsenic. 

Having  failed  in  these  attempts  to  discover  a  method  for  the 
complete  separation  of  arsenic,  I  had  recourse  to  the  extraction  of 
the  sulphides  of  arsenic  from  a  mixture  of  these  with  the  sulphides  of 
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tin  and  antimony,  by  means  of  sesquicarbonate  of  ammonia,  a  method 
which  has  been  occasionally  employed  by  other  analysts. 

I  found  that  when  pure  tersulpbide  or  pentasulphide  of  antimony 
was  digested,  either  with  or  without  heating,  in  a  solution  of  sesqui- 
carbonate of  ammonia  (prepared  by  agitating  the  commercial  salt 
with  cold  water  as  long  as  any  was  dissolved),  very  small  quantities 
of  the  sulphides  were  taken  up,  so  small  indeed,  that  this  degree  of 
solubility  did  not  appear  likely  to  interfere  in  analysis,  whilst  the  two 
sulphides  of  arsenic  dissolved  at  once  in  this  reagent. 

When  bisulphide  of  tin  was  treated  in  the  same  manner,  none  was 
dissolved,  even  on  boiling  with  sesquicarbonate  of  ammonia. 

To  ascertain  how  far  the  solubility  of  the  sulphides  of  antimony 
would  affect  the  result  if  sesquicarbonate  of  ammonia  were  used, 
I  precipitated,  by  sulphuretted  hydrogen,  a  solution  containing 
bichloride  of  tin  and  terchloride  of  antimony,  in  the  proportions  of 
99  parts  of  tin  to  1  part  of  antimony,  dissolved  the  precipitated 
sulphides  in  yellow  sulphide  of  ammonium,  reprecipitated  by  hydro- 
chloric acid,  and  digested  the  precipitate  with  a  saturated  solution  of 
sesquicarbonate  of  ammonia.  I  found  that,  although  a  little  anti- 
mony was  contained  in  the  solution,  the  greater  part  remained  in  the 
residue,  and  the  same  result  was  obtained  in  several  experiments. 

The  next  question  to  be  decided  was,  how  far  the  behaviour  of  the 
sulphides  of  arsenic  with  sesquicarbonate  of  ammonia  would  be 
modified  by  the  presence  of  those  of  antimony  and  tin. 

Sulphuretted  hydrogen  was  passed  through  a  solution  containing 
arsenic  and  antimony  in  the  proportion  of  99  : 1  (about  0*004!  grm. 
of  antimony  being  present),  the  arsenic  as  arsenious  acid  dissolved  in 
hydrochloric  acid,  and  the  antimony  as  terchloride.  The  precipitate 
thus  obtained  was  washed,  and  digested  in  a  saturated  solution  of 
sesquicarbonate  of  ammonia,  with  the  aid  of  a  gentle  heat ;  a  fine 
orange-yellow  residue  of  tersulphide  of  antimony  was  left  undis- 
solved. This  experiment  was  repeated  many  times  with  the  same 
result. 

When  the  proportion  between  the  two  metals  was  reversed,  there 
being  about  0'0035  grm.  of  arsenic  present,  the  latter  was  detected 
with  great  ease  in  the  solution  of  the  sulphides  in  sesquicarbonate  of 
ammonia. 

A  solution  containing 

0*01<75  grm.  tin,  as  bichloride, 
and  0'0475     „     arsenic,  as  arsenious  acid, 

was  precipitated  by  sulpliurcttcd   hvdrogcn,  the  prccii)itate  washed, 

I  2 
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dissolved  in  yellow  sulphide  of  ammonium,  rcprccipitated  by  hydro- 
chloric and  hydrosulphuric  acids,  agitated  with  cold  scsquicarbonate 
of  ammonia  and  filtered;  the  filtrate  contained  a  considerable  quan- 
tity of  bisulphide  of  tin.  In  some  cases,  where  even  a  rather  large 
amount  of  bisulphide  of  tin  was  mixed  with  the  sulphide  of  arsenic, 
the  precipitate  dissolved  almost  entirely  in  scsquicarbonate  of  ammo- 
nia ;  and  this  is  an  additional  instance  of  the  strange  alteration  in  the 
reactions  of  tin,  to  which  the  presence  of  arsenic  gives  rise. 

In  order  to  separate  the  tin  from  the  arsenic,  I  ultimately  resorted 
to  a  special  method,  which  consisted  in  deflagrating  the  mixed  sul- 
phides (together,  with  the  filter  if  necessary)  with  nitrate  of  potash, 
digesting  the  fused  mass  with  water,  when  part  of  the  tin  was  left 
behind  in  the  insoluble  residue,  and  acidulating  the  aqueous  solution 
with  nitric  acid,  which,  on  heating,  precipitated  the  whole  of  the 
tin  as  binoxide.  This  precipitate,  together  with  the  residue  left  on 
digesting  the  fused  mass  with  water,  was  washed,  dried,  and  ignited 
with  the  filter ;  the  ash  fused  with  cyanide  of  potassium ;  the  fused 
mass  digested  with  water  ;  and  the  residual  metal  boiled  with  hydro- 
chloric acid  ;  the  filtered  solution  was  then  tested  with  protochloi-ide 
of  mercury  for  tin. 

In  a  solution  containing 

0*095  grm.  arsenic 
and  0-005     „     tin 

the  latter  metal  was  very  easily  detected  in  this  way. 

The  experiments  detailed  above  led  me  to  the  following  method  for 
the  qualitative  detection  of  tin,  antimony,  and  arsenic,  which  is  ap- 
plicable to  any  solution  in  which  these  metals  exist,  provided  that  any 
arsenic  acid  is  first  reduced  to  the  state  of  arsenious  acid. 

The  solution  is  largely  diluted  with  water  acidulated  with  hydro- 
chloric acid,  and  sulphuretted  hydrogen  passed  through  it,  to  satura- 
tion ;  the  liquid  is  allowed  to  stand  for  some  time  in  a  warm  place,  and 
the  precipitate  collected  upon  a  filter ;  this  precipitate  is  now  washed 
several  times  with  water,  and  dissolved,  with  the  aid  of  heat,  in  yellow 
sulphide  of  ammonium  ;  the  solution  thus  obtained  is  mixed  with  an 
excess  of  hydrochloric  acid,  and  some  strong  solution  of  hydro- 
sulphuric  acid;  the  reprecipitated  sulphides,  collected  on  a  filter, 
well  washed,  transferred  to  a  test-tube  or  small  flask,  and  digested, 
at  about  S'2°  (180°  F.),  with  a  saturated  solution  of  scsquicarbonate 
of  ammonia,  for  about  half  an  hour. 

If  the  precipitate  consisted  of  one  of  the  sulphides  of  arsenic,  it 
would  entirely  dissolve,  but  it  must   then  be  remembered  that  the 
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j)resence  of  tin  is  by  no  means  precluded ;  it  may,  however,  be  safely 
inferred  that  no  antimony  is  present. 

If  there  be  any  residue  insoluble  in  sesquicarbonate  of  ammonia, 
it  may  contain  bisulphide  of  tin  and  pentasulphide  of  antimony;  it 
must  be  washed,  on  the  filter,  with  sesquicarbonate  of  ammonia 
as  long  as  the  washings  furnish  any  considerable  yellow  precipitate 
when  acidulated  with  hydrochloric  acid;  it  is  then  dissolved  in  a 
mixture  of  concentrated  hydrochloric  acid  with  about  one-eighth 
of  its  bulk  of  concentrated  nitric  acid,  using  as  little  acid  as  possible. 
The  solution  is  then  mixed,  in  a  beaker,  with  a  considerable  excess  of 
sesquicarbonate  of  ammonia,  and  boiled  for  a  few  minutes.  If  no 
precipitate  is  produced,  the  absence  of  tin  is  certain,  but  if  a 
precipitate  is  formed,  it  must  be  collected  upon  a  filter  for  exami- 
nation. 

This  precipitate  may  contain  antimonic  acid  and  binoxide  of  tin. 
It  must  be  washed  three  or  four  times  with  sesquicarbonate  of  am- 
monia; dried;  incinerated  with  the  filter  in  a  porcelain  crucible; 
a  little  cyanide  of  potassium  added  to  the  ash  ;  the  mixture  fused  ;  the 
fused  mass  boiled  with  water ;  the  reduced  metal  allowed  to  subside 
the  supernatant  liquid  poured  ofi";  the  reduced  metal  (remaining  in 
the  crucible)  heated  to  boiling  with  concentrated  hydrochloric  acid  ; 
and  the  solution  diluted  with  water,  filtered,  and  tested  for  tin  with 
protochloride  of  mercury. 

The  solution  filtered  from  the  precipitate  produced  by  sesquicar- 
bonate of  ammonia  in  the  nitro-hydrochloric  solution  of  the  sul- 
phides of  antimony  and  tin,  will  contain,  under  any  circumstances,  a 
part  of  the  antimony ;  in  order  to  detect  this  metal,  the  solution  is 
acidified  with  hydrochloric  acid  (when,  if  much  antimony  be  present, 
a  precipitate  of  antimonic  acid  will  be  at  first  produced,  and  after- 
wards rcdissolvcd  by  an  excess  of  acid) ;  a  stream  of  sulphuretted 
hydrogen  is  then  passed  through  the  solution,  when  the  production 
of  an  orange  precipitate  will  at  once  indicate  the  presence  of  an- 
timony. 

We  have  now  to  examine  the  solution  obtained  by  digesting  the 
original  sulphides  with  sesquicarbonate  of  ammonia.  It  has  been 
already  shown  that  this  solution  may  contain  both  bisulphide  of  tin 
and  pentasulphide  of  arsenic ;  it  is  acidulated  with  hydrochloric  acid, 
some  hydrosulphuric  acid  added,  and  the  precipitate  divided  into 
two  equal  })arts,  which  arc  thrown  upon  separate  filters,  and  washed, 
till  the  washings  arc  free  from  chlorine. 

One  part  of  the  precipitate  is  dissolved  off  the  filter  in  warm 
ammonia,  the  solution  evaporated  to  dryness  on  the  water-bath,  and 
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the  residual  peutasulphide  of  arsenic  tested  according  to  the  method 
of  Fresenius  and  Babo  (reduced  by  cyanide  of  potassium  and 
carbonate  of  soda,  in  a  stream  of  carbonic  acid). 

The  other  portion  of  the  precipitate,  together  with  the  filter,  is 
dried,  and  deflagrated  with  nitrate  of  potash  (the  filter  being  cut 
into  strips,  and  gradually  added  to  the  nitre  in  a  state  of  fusion) ;  the 
fused  mass  is  poured  from  the  porcelain  crucible  into  one  of  iron,  and 
when  cool,  boiled  with  water ;  nitric  acid  is  then  added  till  an  acid 
reaction  is  produced ;  and  the  insoluble  binoxide  of  tin  collected  upon 
a  filter,  dried,  and  tested  for  tin  by  the  process  described  above  for 
the  examination  of  the  former  precipitate  containing  tin,  which,  in 
fact,  might  be  advantageously  examined  together  with  this  precipitate. 

By  this  process,  I  have  successfuly  examined  solutions  containing 
tin,  antimony  and  arsenic  in  the  following  proportions,  the  tin  being 
present  as  bichloride,  the  antimony  as  terchloride,  and  the  arsenic  as 
arsenious  acid  dissolved  in  hydrochloric  acid. 


Arsenic. 

Antimony. 

Tin. 

1 

95-0 

2-5 

2-5 

2 

2-5 

2-5 

95-0 

3 

5-0 

5-0 

900 

4 

47-5 

5-0 

47-5 

5 

47-5 

47-5 

5-0 

6 

5-0 

47-5 

47-5 

7 

90-0 

5-0 

50 

In  these  cases,  the  unit,  of  which  the  above  numbers  are  multiples, 
was  0-001  grm. 

These  and  similar  analyses  have  been  often  repeated,  not  only 
by  myself,  but  by  individuals  who  had  no  previous  acquaintance  with 
this  method,  and  even  by  beginners  in  the  study  of  analysis,  and  the 
result  has  shown  me  that,  with  comparatively  little  care,  more  certain 
analyses  can  be  made  by  this  method  than  by  any  other  which  has 
come  under  my  notice. 

The  process  seems  rather  a  long  one  for  the  object  in  view;  I 
have  made  several  attempts  to  shorten  it  by  detecting  the  arsenic  and 
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tin  in  one  operation,  but  the  result,  when  small  quantities  of  the 
metals  were  present,  was  not  satisfactory. 

After  having  framed  a  method  upon  which  I  felt  that  I  could  rely 
for  the  separation  of  these  three  metals,  I  determined  to  ascertain  how 
far  these  could  be  separated  from  the  other  metals  of  this  group,  the 
members  of  which  form  sulphides  insoluble  in  dilute  acids. 

The  only  method,  I  believe,  employed  in  general  analysis  to  effect 
this  object,  consists  in  heating  the  mixed  sulphides  with  sulphide  of 
ammonium  containing  an  excess  of  sulphur,  which  is  known  to 
dissolve  the  sulphides  of  tin,  antimony  and  arsenic,  together  with 
traces  of  sulphide  of  copper,  and  small  quantities  of  bisulphide  of 
platinum  and  tersulphide  of  gold.  It  was  necessary,  in  order  to 
ascertain  the  efficiency  of  this  method,  to  analyse  various  mixtures 
containing  known  weights  of  the  metals  to  be  separated,  and  I  ac- 
cordingly conducted  a  series  of  experiments  of  this  nature,  some  of 
which  I  may  perhaps  cite. 

In  these  experiments  the  method  of  proceeding  was  as  follows  : 

The  solution  was  acidified  with  hydrochloric  acid,  completely  pre- 
cipitated with  sulphuretted  hydrogen,  the  precipitate  collected  on  a 
filter,  well  washed,  and  boiled  for  two  or  three  minutes  with  the 
yellow  sulphide  of  ammonium  (prepared  by  the  action  of  the  air 
upon  the  hydrosulphate  of  sulphide  of  ammonium  obtained  by  satu- 
rating solution  of  ammonia  with  sulphuretted  hydi'ogen).  The  sul- 
phide of  ammonium  solution  was  filtered  ofi',  and  acidulated  with 
hydrochloric  acid,  a  quantity  of  a  strong  solution  of  hydrosulphuric 
acid  was  then  added,  and  if  the  precipitated  sulphur  was  in  the 
slightest  degree  tinged,  it  was  examined  for  antimony,  tin,  or  arsenic, 
by  the  method  given  above. 

On  analysing  a  solution  containing 

0-500  grm.  of  lead 
and  0"005     „     of  tin, 

a  part  of  the  tin  was  found  in  the  sulphide  of  ammonium  solution, 
showing  that  the  bisulphide  of  tin  was  not  retained  to  any  consi- 
derable extent  by  the  sulphide  of  lead. 

The  tin  was  also  found  in  the  sulphide  of  ammonium  solution, 
when  there  were  present 

0*500  grm.  bismuth 
with  0005     „     tin. 

Also  in  the  analysis  of  a  solution  containing 

0-100  grm.  gold 
and  0-005     „     tin. 
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The  tin  was  likewise  distinctly  detected  in  a  solution  containing 

0500  grm.  platinum 
and  0-005     „     tin. 

When  a  solution  containing 

0*500  grm.  mercury 
and  0005     „     tin 

was  analysed  in  this  way,  no  tin  was  found  in  the  sulphide  of  am- 
monium solution  in  two  experiments. 

When  the  same  quantity  of  tin  was  present  (0005  grm.)  together 
with  only  0*250  grm.  mercury,  the  tin  was  only  just  recognised  in 
the  sulphide  of  ammonium  solution  in  two  experiments. 

In  the  examination  of  a  solution  containing 

0*500  grm.  cadmium 
and  0-005     „     tin 

no  tin  was  found  in  the  sulphide  of  ammonium  solution  (in  two 
experiments),  but  when  half  the  quantity  (0*250  grm.)  of  cadmium 
was  present,  the  tin  was  just  recognised  distinctly,  in  two  experi- 
ments. 

In  the  case  of  a  solution  containing 

0-01  grm.  tin 
and  0*09     „     copper 

no  tin  was  found  in  the  sulphide  of  ammonium  solution,  but  abun- 
dance in  the  residue. 

Even  in  the  presence  of  only  0*03  grm.  copper,  the  w^hole  of  the 
tin  was  found  in  the  residue. 

When  equal  weights  (0*01  grm.)  of  tin  and  copper  were  present, 
most  of  the  tin  was  found  in  the  residue,  although  some  was  detected 
in  the  sulphide  of  ammonium  solution. 

Very  little  tin  was  found  in  the  solution  in  sulphide  of  ammonium 
when 

0*03  grm.  tin 
and  0*06     „     copper 


were  employed. 
^Tien 


0*030  grm.  tin 


and  0-075     „     copper 

were  present   (being  in  the  proportion   of  1  tin  :  2*5  copper),    very 
little  tin  was  found  in  the  sulphide  of  ammonium  solution. 
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In  the  case  of 

0-03  grm.  tin 
and  009     „     copper 

a  slight  trace  of  tin  was  found  dissolved  in  the  sulphide  of  am- 
monium. 

A  scarcely  perceptible  trace  was  found  in  solution  when 

003  grm.  tin 
and  0*12     „     copper 

-were  employed,  and  when  the  copper  was  increased  to  0*135  grm. 
(being  in  the  proportion  of  1  tin  :  4'5  copper),  no  tin  was  found  in 
the  sulphide  of  ammonium  solution. 

Many  of  the  above  experiments  were  repeated  several  times,  with 
different  specimens  of  sulphide  of  ammonium. 

I  also  made  several  attempts  to  analyse  a  specimen  of  gun-metal 
(containing  90  copper  and  10  tin)  by  dissolving  in  aqua  regia,  preci- 
pitating the  diluted  solution  with  sulphuretted  hydrogen,  and  boiling 
the  precipitated  sulphides  with  sulphide  of  ammonium,  but  could  not 
succeed  in  detecting  the  tin  in  the  sulphide  of  ammonium  solution, 
though  it  was  easily  found  in  the  residue. 

It  appears,  then,  from  these  experiments,  that  the  extraction  of 
bisulphide  of  tin  from  a  mixture  of  this  sulphide  with  those  of  lead, 
bismuth,  gold,  platinum,  mercury  and  cadmium,  is  sufficiently  com- 
plete for  most  practical  purposes ;  but  that,  in  the  case  of  the  two 
latter  sulphides,  if  no  tin  be  found  in  the  sulphide  of  ammonium 
solution,  we  can  only  conclude  that  the  proportion  of  the  tin  to 
either  the  mercury  or  cadmium,  is  not  greater  than  that  of  2  to  100. 

In  presence  of  copper,  however,  it  appears  that  no  safe  conclusion 
as  to  the  absence  of  tin  can  be  drawn  from  the  cu-cumstance  that  this 
metal  is  not  found  in  the  sulphide  of  ammonium  solution  of  the 
sulphides. 

In  the  analysis  of  a  solution  containing 

0  005  grm.  arsenic 
and  0-500     „     lead, 

the  arsenic  was  detected  in  the  sulphide  of  ammonium  solution. 
In  a  case  where 

0*005  grm.  arsenic 
and  0'500     „     cadmium 

were  present,  arsenic  was  found  in  the  sulphide  of  ammonium 
solution. 
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When  0*005  grm.  arsenic 

was  present  with  0*500     „     mercury, 

a    considerable  proportion  of  the  arsenic  was  found  in  the  sulphide 
of  ammonium  solution. 

In  analysing  a  solution  containing 

0*500  grm.  bismuth 
and  0*005     „     arsenic, 

less  arsenic  than  I  expected  was  found  in  the  sulphide  of  ammonium 
solution,  in  two  experiments. 
In  the  case  of 

0*150  grm.  gold 
and  0*003     „     arsenic, 

the  latter  was  distinctly  found  in  the  sulphide  of  ammonium  solution, 
though  in  smaller  quantity  than  was  expected. 
The  same  was  observed  with 

0*500  grm.  platinum 
and  0*005     „     arsenic. 

No  arsenic  was  found  in  the  sulphide  of  ammonium  solution  in  the 
analysis  of  mixtures  containing  respectively  : 


and 


1*00  grm.  copper 
with  001     „     arsenic 

0*90  grm.  copper 
with  0*01     „     arsenic. 


When  0*50  grm.  copper 

was  present  with  0*01     „     arsenic, 

the  latter  metal  was  detected  in  the  sulphide  of  ammonium  solution, 
and  was  always  found  when  smaller  proportions  of  copper  were 
present. 

From  these  experiments,  I  inferred  that  the  detection  of  arsenic  is 
not  influenced  to  any  considerable  extent  by  the  presence  of  any 
metal  of  this  group  except  copper,  but  that  it  is  slightly  affected  by 
the  presence  of  platinum,  gold,  bismuth,  and  lead. 

If  copper  be  present,  the  absence  of  arsenic,  in  any  greater  propor- 
tion than  that  of  2  to  100  copper,  may  be  inferred  if  no  arsenic  is 
found  in  the  sulphide  of  ammonium  solution. 

In  the  analysis  of  a  solution  containing 
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001  grm.  antimony 
and  1*00     „     copper, 

the  antimony  was  distinctly  found  in  the  sulphide  of  ammonium 
solution ;  and  none  was  found  in  the  residue  left  by  sulphide  of 
ammonium 

when  0-01  grm.  antimony 

was  present  with  0"10     „     copper. 

Antimony  was  also  distinctly  found  in  the  sulphide  of  ammonium 
solution  in  the  following  cases  : 

0*005  grm.  antimony  to  0*5  grm.  lead 
0005     „  „  0-5     „     bismuth 

0005     „  „  0"5     ,,     cadmium 

0*005     „  „  05     „     mercury 

0005     „  „  0*5     „     platinum 

0005     „  „  0-1     „     gold. 

The  detection  of  antimony,  therefore,  does  not  appear  to  be  influ- 
enced to  any  considerable  extent  by  the  presence  of  any  other  metal 
of  this  group. 

Since  the  presence  of  copper  may,  to  a  considerable  extent,  prevent 
the  detection  of  tin  and  arsenic  by  the  ordinary  method,  it  becomes 
necessary,  when  copper  is  present,  to  examine  for  those  metals  in  that 
portion  of  the  precipitate  by  sulphuretted  hydrogen,  which  is  insoluble 
in  sulphide  of  ammonium. 

For  the  detection  of  arsenic  in  this  portion  of  the  precipitate,  I 
have  usually  resorted  to  the  delicate  test  of  Fresenius  and  Babo.* 

The  detection  of  tin,  however,  is  more  difficult ;  and  the  following 
method  has  yielded  me  the  most  certain  results. 

The  residue  left  by  sulphide  of  ammonium  is  collected  on  a  filter, 
well  washed,  and  boiled,  as  usual  in  the  analysis  of  this  precipitate, 
with  a  mixture  of  concentrated  nitric  acid  with  two  volumes  of  water, 
to  dissolve  those  sulphides  which  arc  soluble  in  this  reagent  j  the 
residue,  which  contains  the  binoxide  of  tin,  is  collected  on  a  filter,  and 
washed ;  the  filter,  together  with  the  precipitate,  incinerated ;  the  ash 
fused  with  cyanide  of  potassium ;  and  the  fused  mass  boiled  with 
water.  The  residuary  metal  is  heated  with  hydrochloric  acid,  and  the 
solution  tested  with  protochloridc  of  mercury. 

By  this  method  the  tin  was  easily  discovered  in  the  following 
cases  : 

*  Ann,  Ch.  iind  Pharm.  XLIX,  287. 
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1.  0-01  grm.  tin^    0-24  grni.  mercury,    0-24  grm.  lead,    0-24<  grm. 

copper,  and  0*01  grm.  cadmium. 

2.  0  01     „     tin,    025  grm.  mercury,    0-25  grm.  lead,    and  0*50 

grm.  copper, 

3.  0-01     „     tin  and  0-09  grm.  copper. 

4.  001     „     tin  and  005     „     copper. 

5.  0"01     „     tin  and  003     „     copper. 

In  order  perfectly  to  convince  myself  of  the  accuracy  of  this 
method  for  the  detection  of  antimony,  tin  and  arsenic,  in  the  presence 
of  considerable  quantities  of  the  other  members  of  this  gi'oup,  I  have 
made  numerous  analyses  of  solutions  in  which  diflFerent  proportions 
of  these  metals  were  present,  and  have  not  as  yet  met  with  a  case 
where  they  escaped  detection. 

Two  cases  especially  have  engaged  my  attention,  viz. : 

0*01  grm.  antimony 
0*50     „     copper 
with  O'lO     ,,     tin, 


and 

0-24  grm 

lead 

0-24     „ 

copper 

0-24     „ 

mercury 

001     „ 

bismuth 

001     „ 

cadmium 

001     „ 

antimony 

0-24     „ 

arsenic. 

and  in  the  latter  I  have  satisfied  myself  that  no  mistake  can  arise  as 
to  the  presence  of  tin  from  the  reactions  of  the  other  metals  of  this 
group. 

I  have,  moreover,  employed  this  method  in  analysing  various 
alloys  for  technical  purposes,  and  have  never  been  able  to  detect 
any  false  affirmation  or  negation  of  the  presence  of  antimony,  tin, 
or  arsenic. 

Incidentally  to  this  investigation,  I  often  observed  that  consider- 
able quantities  of  cadmium  escaped  detection ;  on  examining  into 
the  cause  of  this  disappearance  of  the  cadmium,  I  found,  that  when 
tin  was  present,  a  large  proportion  of  cadmium  might  be  left  undis- 
solved, when  the  sulphides  insoluble  in  sulphide  of  ammonium  were 
treated  with  dilute  nitric  acid  (a  mixture  of  1  volume  of  ordinary 
concentrated  nitric  acid  and  2  volumes  of  water). 
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lu  the  solution  containing 

0*24  grm.  mercury 
0-24     „     lead 
0*24     „     copper 
and  0*01     „     cadmium 

the  cadmium  was  very  easily  found  in  the  solution  of  the  sulphides 
in  dilute  nitric  acid. 

When  O'Ol  grm.  tin,  however,  was  added  to  the  above  solution, 
the  cadmium  could  not  be  detected  in  the  nitric  solution. 

I  found  that  the  cadmium  was  always  detected,  when  the  residue 
left  by  nitric  acid  was  incinerated  and  fused  with  cyanide  of  potas- 
sium, in  the  process  for  the  detection  of  tin.  During  the  fusion  with 
cyanide  of  potassium,  a  red-brown  sublimate  of  oxide  of  cadmium 
was  formed  on  the  lid  of  the  crucible ;  this  sublimate  was  dissolved 
in  hydrochloric  acid,  and  the  solution  mixed  with  strong  solution  of 
hydrosulphuric  acid,  when  a  fine  yellow  precipitate  of  sulphide  of 
cadmium  was  obtained.  I  mention  this  circumstance  with  regard  to 
the  cadmium,  because  it  seems  to  me  probable,  that  the  (at  present) 
unaccountable  disappearance  of  some  of  the  other  members  of  this 
group  of  sulphides  may  hereafter  be  traced  to  some  similar  cause, 
and  that  analysts  will  be  induced  rather  to  rely  upon  special  tests  in 
a  particular  search  after  individual  metals,  regarding  the  general 
course  of  analysis,  merely  as  affording  a  systematic  method  of  ascer- 
taining what  substances  enter  largely  into  the  composition  of  the 
matter  under  examination. 

I  hope  to  be  enabled,  at  some  future  time,  to  continue  this 
investigation,  in  ordei',  either  to  assure  myself  of  the  efficiency  of  the 
method  which  is  at  present  generally  followed  in  the  analysis  of  the 
precipitate  produced  in  acid  solutions  by  sulphuretted  hydrogen,  or 
to  point  out  where  the  difficulties  are  to  be  expected,  and  how  they 
may  be  overcome. 

These  experiments  were  conducted  in  the  laboratories  of  the 
Royal  College  of  Chemistry  ;  and  it  gives  me  great  pleasure  to 
express  my  sincere  thanks  to  Professor  Hofmann,  for  the  kind 
advice  and  assistance  which  I  have  received  from  him  during  their 
progress. 

1  subjoin,  in  a  tabular  form,  the  method  which  I  now  adopt  for 
the  detection  of  tin,  antimony  and  arsenic,  in  the  precipitate  pro- 
duced by  Sulphuretted  hydrogen  in  a  solution  previously  acidulated 
with  hydrochloric  acid. 
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The  precipitate  is  well  washed,  and  boiled  for  some  minutes  with  yellow  sulphide  of  ammonium. 


The  residue  is  washed  till  the  washings  contain 
no  chloride  of  ammonium,  and  boiled  with  dilute 
nitric  acid  (1  vol.  concent,  acid  and  2  vols,  water). 


The  residue  is  collected 
on  a  filter,  dried,  and  in- 
cinerated ;  the  ash  fused 
with  cyanide  of  potassium ; 
the  fused  mass  boiled  with 
water  ;  the  reduced  metal 
heated  to  boiling  with 
concentrated  hydrochlo- 
ric acid  ;  and  the  solution 
diluted  with  water,  fil- 
tered, and  tested  with  pro- 
tochloride  of  mercury.  A 
white  or  grey  precipitate 
(according  to  the  quan- 
tity of  tin)  indicates  the 
presence  of  tin. 


The  solution  is  exam- 
ined as  usual. 


The  solution  is  acidulated  with  hydrochloric 
acid,  and  mixed  with  some  strong  hydrosulphurlc 
acid.  The  precipitated  sulphides  are  washed,  and 
digested  at  a  gentle  heat,  with  a  saturated  solu- 
tion of  sesquicarbonate  of  ammonia,  for  about 
half  an  hour,  and  filtered. 


The  residue  is  washed 
with  solution  of  sesqui- 
carbonate of  ammonia, 
till  the  washings  give  no 
considerable  yellow  pre- 
cipitate with  hydrochlo- 
ric acid,  and  dissolved 
off  the  filter  in  hot  hy- 
drochloric acid  with  a 
little  nitric  acid.  The  so- 
lution is  mixed  with  ex- 
cess of  sesquicarbonate  of 
ammonia  and  boiled  for 

two  or  three  minutes. 


The  preci-l      The  solu- 
pitate  is    tion  is  slight- 

washed  with    ly  acidulated 


little  ses- 
quicarbonate 
of  ammonia, 
dried,  and 
incinerated, 
the  ash  fused 
with  cyanide 
ofpotassium; 
the  fused 
mass  boiled 
with  water ; 
the  reduced 
metal  allow- 
ed to  sub- 
side ;  the 
aqueous  so- 
lution de- 
canted ;  the 
metal  heated 
to  boiling 
with  concen- 
trated hydro- 
chloric acid; 
the  solution 
diluted  with 
water,  and 
tested  with 
protochlo- 
ride  of  mer- 
cury. White 
or  grey  pre- 
cipitate; 
presence  of 
tin. 


with  hydro 
chloric  acid, 
and  sulphur- 
etted hydro- 
gen passed 
through  it. 
If  the  preci- 
pitate has  a 
pure  orange 
colour,  the 
presence  of 
antimony 
may  be  in- 
ferred ;  but, 
in  any  other 
case,         the 

precipitate 
should  be  col- 
lected on  a  fil- 
ter ;  washed ; 
boiled  with 
concentrated 
ammonia 
few  bubbles 
of  sulphuret 
ted  hydrogen 
passed  ;  and 
the  solution 
filtered.  The 
filtrate         i 

acidulated 
with  hydro- 
chloric acid, 
and  sulphu- 
retted hydro- 
gen passed. 
Orange  pre- 
cipitate indi- 
cates anti- 
mony. 


The  solution  is  acidu- 
lated with  dilute  hydro- 
chloric acid,  a  little  hy- 
drosulphurlc acid  added, 
and  the  resulting  preci- 
pitate washed  and  di- 
vided into  two  parts. 


One  part  is 
dried  and  de- 
flagrated 
(with  the  fil- 
ter, if  neces- 
sary), with 
nitrate  of 
potash,  the 
fused  mass 
boiled  with 
water  ;  and 
the  aqueous 
solution  aci- 
dulated with 
dilute  nitric 
acid.  A  white 
precipitate 
will  indicate 
the  presence 
of  tin,  which 
may  be  con- 
firmed by 
drying  this 
precipitate 
upon  a  filter; 
incinerating 
the  latter  ; 
fusing  the 
ashes  with 
cyanide  of 
potassium  ; 
washing  the 
reduced  me- 
tal ;  and  boil- 
ing with  hy- 
drochloric 
acid.  Thehy 
drochloric 
solution  may 
then  be  test- 
ed with  pro- 
tochloride  of 
mercury 


The  re- 
mainder of 
the  precipi- 
tate is  dis- 
solved off  the 
filterin  warm 

ammonia; 
the    solution 

evaporated 
to  dryness  on 
a  water-bath; 
and  the  resi- 
due tested 
for  arsenic 
according  to 
the  method 
of  Frese- 
n  i  u  s  and 
Babo. 
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X. — Researches  on  the  Constitution  of  Organic  Acids. 
By    M.    Charles    Gerhardt. 

COMMUNICATED    BY    DR.    WILLIAMSON. 

The  experiments  which  I  am  about  to  lay  before  the  Society,  are 
intended  as  the  commencement  of  a  series  of  researches  undertaken 
with  a  view  to  find  a  general  expression  for  the  molecular  consti- 
tution of  organic  acids  ;  or  rather,  to  explain  the  properties  of  double 
decomposition  belonging  to  this  class  of  compounds.  I  endeavoured 
to  connect  organic  acids,  numerous  and  various  as  they  are,  by  a 
general  formula  which  would  be  for  them  what  the  formula  of  am- 
monia is  for  the  organic  alkalies  ;  in  a  word,  I  sought  among  the 
compounds  of  mineral  chemistry  for  a  body  which  is  reproduced  by 
simple  substitutions  of  one  or  other  of  its  elements,  as  ammonia  is 
repoduced  from  the  organic  alkalies  by  substitution  of  the  groups 
methyl,  ethyl,  phenyl,  &c.,  by  one,  two  or  three  atoms  of  hydrogen. 
This  terra  of  comparison,  this  body,  typical  of  acids,  I  believe  I  have 
found.  For  the  understanding  of  my  experiments,  it  is  necessary  to 
name  this  body  at  once.  It  is  water,  in  the  molecule  of  which 
I  assume  one  atom  of  oxygen  and  two  atoms  of  hydrogen. 


l]^' 


two  atoms  which  may  be  replaced  by  simple  metals,  or  by  complex 
groups  like  methyl,  ethyl,  &c. 

The  results  obtained  a  short  time  ago  on  this  subject  by  Dr. 
Williamson  in  England,  and  by  M.  Chancel  in  France,  are 
well  known.  These  chemists  have  indeed  proved  that  alcohol, 
common  ether,  and  their  homologues,  represent  molecules  of 
water  in  which  the  two  atoms  of  hydrogen  are  partly  or  wholly 
replaced  by  complex  groups;  so  that  common  alcohol  represents 
water  in  which  half  the  hydrogen  is  replaced  by  the  group  ethyl 
{C,H,=Et) 

f/}0, 

whilst  common  ether  represents  the  same  molecule  of  water  in  which 
the  two  atoms  of  hydrogen  are  so  replaced  ; 

Et  /  ^• 
According  to  this   theory,    now    nlmost   universally   adopted,  the 
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compound  formed  by  replacing  one  atom  of  hydrogen  in  alcohol  by 
potassium,  is  to  be  considered  as  water  in  which  the  two  atoms 
of  hydrogen  are  replaced,  one  by  ethyl,  the  other  by  potassium  : 


Et 
K 


}«■ 


It  may  be  called  potassic  ethylate,  that  is,  the  potassium-salt  of 
an  acid  which  is  nothing  else  than  common  alcohol,  a  weak  acid 
evidently,  for  water  decomposes  its  salt  into  alcohol  and  caustic  potash. 
In  like  manner,  common  ether  is  the  ethyl-salt  of  this  ethylic  acid. 
The  starting  point  for  my  experiments  was  supplied  by  this  analogy, 
together  with  the  fact  that  ethylic  acid  gives  rise  to  a  chloride  (hy- 
drochloric ether,  or  chloride  of  ethyl)  when  acted  upon  by  pentachloride 
of  phosphorus;  and  that,  according  to  M,  Cahours'  experiments, 
various  organic  acids,  such  as  benzoic,  nitrobenzoic,  cuminic,  anisic, 
and  cinnamic,  experience  an  exactly  similar  change  by  the  influence 
of  the  same  reagent. 

As  potassic  ethylate,  in  reacting  on  ethylic  chloride,  forms  potassic 
chloride  and  ethylic  ethylate,  that  is  common  ether  (the  experiment 
is  well  known),  I  sought  with  the  chloride  of  one  of  the  above- 
mentioned  acids,  and  the  potassium-  or  sodium-salt  of  the  same  acid 
to  obtain  a  body  corresponding  to  common  ether ;  in  other  words,  I 
sought  to  obtain  the  anhydrous  acid,  as  ether  itself  is  nothing  but 
alcohol  minus  water. 

With  sodic  benzoate  and  benzoic  chloride,  the  experiment  suc- 
ceeds perfectly  well.  The  soda- salt  should  be  dried  and  mixed  with 
an  equivalent  weight  of  the  chloride ;  the  mixture  is  then  heated 
to  130°  C,  in  a  sand-bath,  at  which  temperature  a  limpid  solution  is 
formed,  which  decomposes  with  deposition  of  chloride  of  sodium 
when  heated  a  few  degrees  higher.  The  action  is  then  complete, 
not  a  trace  of  gas  is  evolved,  and  the  fearful  smell  of  the  benzoic 
chloride  entirely  disappears.  The  product  suspended  in  cold  water, 
and  washed  with  carbonate  of  soda,  leaves  a  white  substance  without 
odour,  and  perfectly  colourless,  which  analysis  shows  to  be  anhy- 
drous benzoic  acid : 

Ci4  Hjo  O3, 

that  is  to  say,  benzoic  benzoate ;  for  it  is  to  benzoic  acid  what 
ether  is  to  alcohol,  and  if  benzoic  acid  is  represented  similarly  to 
alcohol,  as  water  in  which  one  atom  of  hydrogen  is  replaced  by  the 
group  benzoyl  C,  Hg  0  =  Bz  : 


f/}o. 
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then  my  new  substance  is  water,  in  whicli  tlie  two  atoms  are  similarly 
replaced : 

The  following  are  the  properties  of  this  anhydrous  benzoic  acid.  It 
is  obtained  in  the  form  of  beautiful  oblique  prisms^  which  melt  at  33°  C. ; 
they  are  volatile  without  decomposition,  insoluble  in  water,  soluble 
in  alcohol  and  ether;  these  solutions  are  perfectly  neutral.  When 
dissolved  in  hot  alcohol,  the  acid  is  deposited,  on  cooling,  in  the  form 
of  an  oil,  which  remains  a  long  time  without  solidifying ;  the  same  thing 
occurs  when  the  substance  is  distilled ;  in  w^hich  case  it  sometimes 
remains  liquid  for  several  hours.  Cold  water  has  no  action  upon  it ; 
but  boiling  water  transforms  it,  little  by  little,  into  common  benzoic 
acid.  The  same  transformation  is  effected  in  a  few  moments  by 
boiling  ammonia.  Alcohol  itself  transforms  anhydrous  benzoic  acid 
in  the  course  of  time  into  benzoic  ether  ;  the  group  benzoyl  is  then 
replaced  by  the  group  ethyl. 

Having  succeeded  so  well  with  the  chloride  of  benzoyl  anc' 
benzoate  of  soda,  I  made  similar  experiments  with  other  chloride, 
and  other  salts.  I  did  not  of  course  limit  myself  to  cases  of  tht 
action  of  chlorides  upon  salts  of  the  same  acid ;  but  took  the  chloride 
of  benzoyl,  and  successively,  salicylate,  cuminate,  cinnamate  and 
acetate  of  potash.  Benzoic  salicylate,  cuminate  and  cinnamate  were 
thus  formed.  These  products  are  for  the  most  part  very  fusible 
solid  bodies,  or  oils  heavier  than  water,  without  smell,  and  ai*e  rapidly 
decomposed  by  the  alkalies  in  a  similar  manner  to  benzoic  acid  with 
alkalies.  Several  of  them  are  not  volatile  without  decomposition; 
thus  the  benzoic  salicylate,  when  distilled  in  a  moist  state,  decomposes 
into  salicylic  acid  and  a  neuti*al  body,  fusible  at  72°  C,  which  is  the 
true  benzoyl,*  isomeric  with  the  benzoyl  of  M.  Laurent : 

*  There  can  be  no  doubt  that  this  sulistance  is  identical  with  the  compound  discovered 
by  Ettling  among  the  products  of  distillation  of  benzoate  of  copper,  which  was  subse- 
quently analysed  by  Dr.  Stenhouse,  who  gives  the  same  formula,  namely, 

C,j  IT.  0... 

Stenhouse  states  that  the  fusing-point  of  this  substan  ,e  is  70",  and  that  it  yields 
bon/.oate  of  potassa  when  heated  with  solid  hydrate  of  potassa,  hydrogen  being  evolved. 
The  compound 

C,4    ih   O3 

obtained  by  Ettling  amoug  the  products  of  distillation  of  salicylite  of  copper,  and 
described  by  him  by  the  name  of  parasalicyl,  has  the  same  composition  as  M. 
Gerhardt's  benzoic  benzoyl,  but  difTcrs  from  it  in  its  properties,  fusing  as  it  does  at 
127°,  and  being,  as  it  appears,  only  slightly  acted  upon  by  potassa.  Probably  this 
substance  stands  to  benzoic  benzoyl  in  the  same  relation  as  salicylous  acid  to  benzoic 
acid.— A.  W.  II. 

VOL.    v. — NO.    XVIII.  K 
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C„Hi,02  =  BzBz, 

that  is  to  say,  it  is  to  hydrogen,  Hg,  what  hydrated  benzoic  acid  and 
anhydrous  benzoic  acid  are  to  water.  Hydrate  of  potash  in  a  state 
of  fusion  converts  it  into  benzoate,  with  evolution  of  hydrogen. 

I  will  limit  myself  for  the  moment  to  this  summary  announcement 
of  my  experiments,  and  propose  following  them  out  with  all  the  care 
which  the  subject  requires. 

If  a  general  conclusion  may  now  be  drawn  from  these  results,  I 
would  say  that  they  destroy  the  kuid  of  privilege  hitherto  enjoyed  by 
a  small  number  of  bodies  known  by  the  generic  name  of  alcohols,  of 
being  susceptible  of  joining  other  organic  bodies.  Alcohols  and  hy- 
drated acids  are  evidently  bodies  of  the  same  kind.  Philosophically, 
alcohols,  acids,  ethers,  salts,  and  anhydrous  acids,  may  be  reduced  to 
the  same  generic  formula — to  the  formula  of  water,  in  which  1  or  2 
atoms  of  hydrogen  are  replaced,  either  by  simple  metals  or  by  hydro- 
carburetted  groups  (methyl,  ethyl,  phenyl,  &c.),  or  else  by  oxygenated 
groups  (benzoyl,  cuminyl,  acetyl,  &c.) 

I  have  now  succeeded  in  preparing  anhydrous  acetic  acid  in  a  state 
of  perfect  purity,  and  giving  by  analysis  numbers  exactly  agreeing 
with  those  calculated  from  its  formula.  The  following  is  the  method 
of  preparing  it :  Acetate  of  potash  is  fused,  so  as  to  expel  all  water  of 
crystallization,  and  is  then  mixed  in  a  small  retort  with  about  half 
its  weight  of  benzoic  chloride.  On  the  application  of  a  gentle 
heat,  the  reaction  speedily  occurs — benzoic  acetate  being  no  doubt 
formed  at  first.  But  the  reaction  does  not  stop  there.  A  limpid 
body  distils  over,  with  a  very  powerful  smell,  reminding  of  acetic 
acid  and  flowers  of  "  acebessine."  On  rectification,  this  liquid  boils 
constantly  at  137°  C. ;  it  falls  to  the  bottom  in  water,  and  does 
not  mix  with  it  at  once,  but  only  after  continued  agitation.  Hot 
water  dissolves  it  at  once,  with  production  of  acetic  acid.  The  fol- 
lowing- fio-ures  show  the  result  of  combustion  : 


Analysis. 

Calculation, 

Carbon 

.       46-87 

47-05 

Hydi'ogen . 

5-95 

5-88 

It  is  therefore  C.^  H^  0.  or,  rather  ^^  ^^  0,  q* 

This  anhydrous  acetic  acid  evolves  great  heat  on  mixture  with  dry 

*  A  similar  view  regarding  the  constitution  of  acetic  acid  has  heen  proposed  by 
Professor  Williamson. — Ch.  Soc.  Qu.  J. — Eds. 
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aniline;  the  mixture  solidifies  entirely  on  cooling.  If  an  excess  of 
aniline  is  avoided,  only  one  body  is  produced,  crystallizing  in  beau- 
tiful nacreous  plates.  This  body  is  shown  by  analysis  to  be  acet- 
aniliue. 

It  is  remarkable  that  no  salt  of  aniline  is  formed  at  the  same  time. 
We  must  therefore  consider  the  action  as  consisting  of  a  double 
decomposition  between  the  aniline  and  the  anhydrous  acid ;  thus 

forms 

H  {'(C^HaO) 


H  r  mils 'J}-) 

^  UCeH^)     J 


We  must,  I  think,  consider  amides  and  anilides  as  ammonia  in  which 
more  or  less  hydrogen  is  replaced.  I  am  now  engaged  in  the  inves- 
tigation of  this  point. 

Amidogen-acids  would  correspond  to  hydrated  oxide  of  ammo- 
nium. 


XI. — Note  on  the  Preparation  of  Carbonate  of  Arnyl. 
By  John  A.  Bruce, 

OF    THE    ROYAL    COLLEGE    OF    CHEMISTRY,    LONDON. 

Carbonate  of  amyl  has  been  lately  examined  by  Mr.  Medlock, 
whose  experiments  have  been  described  to  the  Chemical  Society.*  He 
obtained  this  compound  by  a  method  which  had  not  yet  been  used  for 
the  preparation  of  carbonic  ethers,  namely,  by  the  action  of  phosgene 
gas  upon  fusel-oil,  and  subsequent  decomposition  of  the  chlorocar- 
bonate  formed,  under  the  influence  of  heat,  in  the  presence  of  water. 
The  process  which  originally  had  furnished  the  carbonate  of  the  ethyl- 
scries,  and  which  consists  in  distilling  the  oxalate  with  potassium, 
has  never  been  applied  to  the  amyl-series. 

The  reaction  of  potassium  upon  the  ether-oxalates  being  still  but 


*  Chcm.  See.  Qu.  J.  I,  368. 
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imperfectly  understood,  Dr.  Hofmann  requested  rae  to  repeat  the 
experiment  with  oxalate  of  amy],  in  order  to  obtain  some  additional 
data  for  a  more  correct  interpretation  of  the  phenomena  attending  the 
decomposition. 

Potassium,  when  coming  in  contact  with  perfectly  dry  oxalate  of 
amyl,  is  rapidly  attacked,  the  liquid  becomes  warm,  and  a  brown 
mass  forms  around  the  metallic  globules,  whilst  a  colourless  inflam- 
mable gas  is  disengaged.  The  reaction,  however,  soon  slackens, 
and  only  commences  again  on  heating  the  liquid.  On  distilling 
the  fluid,  a  brown  residue  was  obtained,  consisting  chiefly  of 
carbonate  of  potash  and  charcoal,  while  a  pale-yellow  distillate 
passed  over;  this  liquid,  when  rectified  with  a  thermometer,  was 
found  to  consist  of  not  less  than  four  diflerent  substances.  It 
began  to  boil  at  130°  C.  (266°  F.),  at  which  temperature  chiefly 
fusel-alcohol  distilled ;  the  boiling-point  then  rapidly  rose  to  about 
225°  C.  (433*4  F.),  when  it  became  stationary  for  a  very  considerable 
time,  indeed  until  three-fourths  of  the  whole  had  passed  over.  The 
liquid  distilling  at  this  temperature  was  pure  carbonate  of  amyl,  as 
proved  by  the  analyses  hereafter  to  be  detailed.  The  mercuiy  then 
again  rose  until  the  temperature  was  260°  C.  (500°  F.),  when  it 
became  once  more  stationary,  but  only  for  a  short  period,  evidently 
because  a  small  portion  of  undecomposed  oxalate  of  amyl,  which 
boils  at  this  temperature,  was  still  present  in  the  liquid.  After  this 
had  bieen  evaporated,  a  viscous,  somewhat  dark  residue,  having  a 
very  powerful  odour,  remained  in  the  retort. 

The  portion  which  had  been  collected  between  223°  and  226°  C. 
(433-4°  and  438'8  F.)  was  repeatedly  redistilled,  until  a  liquid  of  a 
constant  boiling-point  at  226°  C.  (438*8  F.)  was  obtained,  which  at 
15-5°  C.  (60°  F.)  had  a  sp.  gr.  of  0-9065.  When  submitted  to 
combustion,  it  gave  the  following  results  : 

I.  1*91  grains  of  substance  erave  : 


IT 


4-60     „ 

carbonic  acid,  and 

1-95     „ 

water. 

.  2-05     „ 

substance  gave 

; 

4-90     „ 

carbonic  acid,  and 

210     „ 

water. 

;omposition 

I. 

II. 

Carbon.     . 

. 

65-68 

65-12 

Hydrogen  . 

. 

11-30 

11-31 
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These  numbers  agree  pretty  closely  with  the  formula, 

C10H11CO3, 

as  may  be  seen  in  the  following  comparison  of  the  theoretical  numbers 
with  the  results  of  the  experiments  : 

Theory.  Mean  of  the  Experiments. 

11  eqs.  Carbon    .     .       66         65-34  65-40 

11     „     Hydrogen     .       11  10-89  1135 

3     „     O.xygen   .     .       24         23-77  — 


101       10000 

Carbonate  of  amyl  may  be  produced  by  the  action  of  potassium 
or  sodium  (the  latter  metal  was  indeed  employed  in  most  of  my 
experiments)  upon  oxalate  of  amyl  with  great  facility,  and  to  any 
extent ;  its  preparation  in  this  reaction  is  not  attended  with  the  same 
difficulties  which  we  experience  in  performing  the  experiment  in  the 
ethyl-series.  The  actual  process,  however,  w^hich  gives  rise  to  its 
formation  remains  still  doubtful,  although  the  preceding  experiments 
have  furnished  a  new  element  for  its  correct  interpretation,  namely, 
the  observation  of  a  large  quantity  of  amyl-alcobol  being  reproduced 
during  the  reaction — a  reproduction  which  has  escaped  notice  in  the 
preparation  of  the  carbonic  ether  par  excellence,  on  account  of  the 
solubility  of  the  ethyl-alcohol  in  water. 


XII. — New  Formation  of  Salicylic  Acid. 
By  H.  Gerland. 

FROM    A    LETTKR    OK    DR.    KOLBE    TO    DR.    HOFMANN. 

Mr,  Gerland  has  been  lately  engaged  in  my  laboratory  with  a 
comparative  investigation  of  the  three  isomeric  acids,  namely : 
Zinin's  bcuzamic  acid,  Fritzschc's  anthrauilic  acid,  and  Chancel's 
carbanilic  acid,  induced  chiefly  by  the  frequently  asserted  view  of 
these  acids  being  identical. 

According    to    certain    theoretical   views    which    I    have   already 
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stated,*  I  considered  myself  justified  in  doubting  the  identity  of 
benzamic  with  anthranilic  acid,  it  being  more  probable,  however,  that 
anthranilic  acid  is  identical  with  carbanilic  acid,  and  that  it  stands  in 
the  same  relation  to  carbonic  acid  as  carbamic  acid.  This  assump- 
tion is  based  upon  the  view  that  benzoic  acid  is  an  oxide  of  the 
conjugate  benzoyl-radical   (Cjo  H5)"C2,  namely,  HO,  (C^g  Hg)'"C2  O3, 

that  nitrobenzoic  acid  HO,  (Cir^JTyrQ  )'"C<j  O3  contains  a  secondary 

benzoyl-radical,  in  which  NO^  replaces  H ;  and  that  the  nitro- 
benzoyl  of  nitrobenzoic  acid  is  converted  by  treatment  of  the  latter 
with    sulphide   of  ammonium,  into  amido-benzoyl  of  the   formula 


{^Al:d 


c,. 


Benzoic  acid    .     .     HO  {C^^    H5    yC„,  O3 
Nitrobenzoic  acid      HO  (  C12  \  ^k  fC'^,  O3 

Benzamic  acid       .     xrn /r    J  ^4    \-r    n 
(Amido-benzoic  acid)  "^  V   '^IH^N^   ^2.  ^3- 

According  to  this  view,  benzamic  acid  would  be  benzoic  acid  with 
]  equivalent  of  hydrogen  in  its  radical,  replaced  by  1  equivalent  of 
amidogen,  while  the  isomeric  anthranilic  acid 

O 


r    ^     1 


HO.C<!  CoH.T,,  \  ;  CO2 


has  the  chemical  constitution  of  carbamic  acid 

HO.c{0^j^},CO„ 

and  is  only  distinguished  from  the  latter  by  containing  anilidogen 
instead  of  amidogen. 

The  experiments  performed  by  Mr.  Gerland,  which  he  will 
shortly  communicate  in  detail,  have  proved  that  benzamic  and  an- 
thranilic acid  are  in  fact  distinct  acids,  and  that  they  not  only  differ 
materially  in  their  chemical  properties,  but  also  yield  under  similar 
influences,  perfectly  different  (sometimes  very  interesting)  products 
of  decomposition. 

*  Chem.  Soc.  Qu.  J.  IV,  73. 
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While  anthranilic  acid  is  always  deposited  from  the  hot  aqueous 
solution  in  needles,  sometimes  an  inch  in  length,  benzamic  acid  can 
only  be  obtained  from  its  hot  saturated  aqueous  solution  as  an  indis- 
tinctly crystalline  mass.  The  salts  of  the  two  acids  exhibit  much 
similarity  in  appearance  ;  those  of  benzamic  acid  are  however,  gene- 
rally speaking,  much  more  soluble  than  the  corresponding  salts  of 
anthranilic  acid. 

The  difference  of  the  two  acids  is  most  clearly  shown  in  their 
comportment  with  potash,  sulphuric  and  nitrous  acid. 

Anthranilate  of  potash,  when  heated  with  hydrate  of  potash, 
yields  aniline;  the  benzamate  does  not  yield  a  trace  of  this  body. 

While  strong  sulphuric  acid  converts  anthranilic  acid  into  sulpha- 
nilic  acid,  with  evolution  of  carbonic  acid  gas ;  benzamic  acid,  on 
the  other  hand,  dissolves  in  it  without  evolution  of  gas,  forming  a 
violet  solution. 

If  nitrous  acid  (prepared  by  acting  on  arsenious  acid  with  nitric 
acid)  is  passed  through  a  dilute  warm  aqueous  solution  of  anthranilic 
acid,  till  no  more  nitrogen  is  evolved,  it  remains  clear,  and  yields,  on 
evaporation,  fine  long  needles  of  an  acid  free  from  nitrogen,  and 
possessing  the  composition  and  properties  of  salicylic  acid. 

With  salts  of  sesquioxide  of  iron  it  yields  the  characteristic  violet 
colour  produced  by  salicylic  acid,  under  the  same  circumstances, 
and  on  dry  distillation,  a  considerable  quantity  of  phenol  is  pro- 
duced, a  portion  of  the  acid  subliming  unchanged. 

The  conversion  of  anthranilic  acid  into  salicjlic  acid,  by  means  of 
nitrous  acid,  which  you  anticipated  in  your  paper*  on  the  action  of 
nitrous  acid  on  the  amidogen-bases,  takes  place  according  to  the 
following  equation  : 

HO .  Cj,  Hg  NO3  +  N03  =  HO  .  C,  Jig  O5  +  HO  +  2  N. 

Anthranilic  acid.  Salicylic  acid. 

A  dilute  aqueous  solution  of  benzamic  acid  also  undergoes  a  change 
when  exposed  to  the  action  of  nitrous  acid ;  not  a  trace  of  salicylic 
acid  is,  however,  foi-med.  An  alcoholic  solution  of  benzamic  acid, 
through  which  nitrous  acid  is  passed,  becomes  red,  then  turbid,  and 
deposits  a  red  crystalline  body,  insoluble  in  water  and  alcohol,  but 
readily  dissolved  by  ammonia  and  potash,  which  Mr.  Gerland  is  at 
present  examining. 

If  benzamic  acid  retains  the  constitution  of  benzoic  acid  (?'.  e.  if  it 

*  Chcin.  Soc.  Qu.  J.  IH,  235. 
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is  amido-bcnzoic  acid),  it  is  probable  that  a  benzoic  acid  would  be 
obtained  by  its  decomposition  with  nitrous  acid,  in  which  one  equiva- 
lent  of  hydrogen   in  the   radical  is  replaced   by  one  equivalent   of 

oxygen,  namely,  H0,(^Ci2  |  q  7   ^2'^3- 

The  results  of  all  experiments   which  have  at  present  been  con- 
ducted in  this  direction  would  appear  to  favour  this  view. 


XIII. — Chemical  Memoranda. 
By     Robert     W  a  r  r  n  g  t  o  x. 

In  laying  the  present  short  notices  before  the  Chemical  Society,  I 
do  it  with  the  impression  that  the  example  may  be  useful  as  a  means 
of  registering  a  great  number  of  very  interesting  and  sometimes 
important  facts  and  observations,  which,  taken  in  their  isolated  state, 
would  not  afford  sufficient  matter  for  their  being  arranged  in  the  form 
of  a  paper,  and  therefore  are  generally  laid  aside,  and  frequently 
altogether  lost  to  science ;  whereas,  if  they  were  cottected  and 
arranged  as  a  series  of  memoranda,  they  would  serve  to  occupy  profit- 
ably a  few  pages  of  our  Transactions,  with  useful  practical  obser- 
vations, and  give  rise  at  the  meetings  of  the  Society  to  much 
valuable  discussion.  Under  this  impression,  therefore,  I  have  made 
bold  to  endeavour  to  pioneer  the  way,  in  a  path  which  I  hope  to  see 
.followed  by  many  of  our  working  members. 

The  first  memorandum  I  shall  submit  to  your  attention  is  : 

On  a  cwious  form  of  Crystallization  of  Iodide  of  Potassium. 

In  the  preparation  of  this  salt  on  the  large  scale,  crystals  are  at 
times  obtained  presenting  a  very  curious  appearance,  namely,  that  of 
a  cubic  needle  or  prism,  of  considerable  length,  and  of  varying 
diameter,  and  apparently  formed  by  the  superposition  of  cube  upon 
cube.  The  specimens  to  which  I  would  more  particularly  direct  your 
attention,  were  procured  some  years  since,  and  have  become  much 
injured  and  fractured  ;  but  sufficient  of  them  remains  to  demonstrate 
fully  the  following  details  of  measurement.  Two  only  of  these 
crystals  were  selected  for  this  purpose;  but  I  may  mention  that 
many  similar  ones  were  obtained  at  the  same  time  as  these.  The 
first  specimen  had  a  total  length  of  4'40  inches,  which  was  composed 
of  the  following  divisions  : 


CHEMICAL    MEMORANDA.  137 

At  its  point  of  attachment  to  the  general  mass  of  salt,  its  diameter 
was : 

^0  of  an  inch,  which  continued  for  -|-|  of  an  inch ;  it  then 
decreased  to  ^j--^  ,,  ,,  ,,  ^-gr         },  ,, 


where  the  crystal  terminated. 


iJL6=:4-40  inches. 


The  second  specimen  was  found  to  give  the  following  measure- 
ments :  Its  entire  length  was  2  vW  of  an  inch,  and  the  diameter  of  the 
cubic  needle,  at  its  junction  with  the  rest  of  the  crop,  was : 


^V  of  an  inch,  which  continued  for  \^  of  an  inch ;  it  then 


decreased  to  -^^-^ 


Total  length     ....     |-^  =  2 -jZ^  inches. 

It  will  be  evident,  therefore,  that  these  crj'^stals  exhibit  certain 
distinct  and  strongly  marked  intervals  of  decrease  in  their  stages  of 
progression  ;  and  this  decrease  in  the  diameter  of  the  cube  is  sudden 
and  abrupt,  forming  at  that  point  sharp  and  well-defined  angles,  and 
not  passing  gradually  from  one  dimension  into  the  other  as  it 
elongates.  It  will  be  noticed,  also,  in  looking  over  the  measurements, 
that  a  perfectly  symmetrical  cubic  arrangement  is  maintained  • 
throughout  their  whole  extent,  and  that  the  intervals  of  length  corre- 
spond exactly  to  a  multiple  of  the  diameters  of  the  cubes. 

These  crystals  are  most  frequently  obtained  when  the  solutions 
from  which  they  are  deposited  are  rather  alkaline. 

MEMORANDUM    II. 

On  a  method  of  detecting,  qualitatively,  small  quantities  of  Oxide  of 
Copper  in  solution. 

This  operation  depends  upon  the  solubility  of  the  fcrrocyanide  of 
copper  in  an  excess  of  a  solution  of  ammonia,  and  its  deposition  with 
its  well-marked  characteristic  appearances  as  the  ammonia  evaporates. 
Thus,  supposing  a  frequently  occurring  case,  where  the  oxide  of 
copper,  in  very  small  quantity,  is  in  solution  with  oxide  of  iron,  and 
that    these    metals    have    betu    brought    to    their    highest    state    of 
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oxidation ;  ammonia  is  next  added  in  excess,  and  then  a  few  drops 
of  a  solution  of  the  ferrocyanide  of  potassium,  and  the  whole  thrown 
upon  a  filter.  As  the  ammonia  escapes  from  the  filtrate  by  standing, 
and  free  exposure  to  the  air,  the  red  ferrocyanide  of  copper  will 
be  deposited,  and  if  the  experiment  be  made  in  a  shallow  white 
porcelain  dish,  the  result  wall  be  very  distinct  and  characteristic,  and 
on  carefully  decanting  the  fluid,  will  be  found  on  the  white  surface. 
In  many  cases,  the  process  of  filtration  may  be  dispensed  with  alto- 
gether, as  the  suspended  peroxide  of  iron  does  not  in  the  least  interfere 
with  the  deposition  of  the  ferrocyanide  of  copper  from  the  solution. 
I  have  found  this  test  give  unerring  indications  in  cases  where  no 
trace  of  blue  colour  could  be  distinguished  in  the  ammoniacal  so- 
lution, and  where  no  precipitation  could  be  procured  by  hydrosulphuric 
acid  gas  or  the  action  of  a  voltaic  circuit. 

When  organic  colouring  matter  is  present,  this  form  of  test  is 
also  very  useful,  as  in  vinegars,  &c.,  and  it  was  in  a  case  of  this 
kind  which  came  under  my  notice  some  years  since,  that  1  was 
induced  to  put  it  more  fully  into  practice.  A  party  was  seeking  to 
recover  compensation  for  the  destruction  of  some  valuable  meadow- 
lands,  from  the  action,  it  was  affirmed,  of  the  waste  waters  from 
some  copper  mines.  These  meadows  owed  their  luxuriance,  and 
consequent  value,  to  a  periodic  inundation  by  the  water  from  the 
granite  moors  of  that  part  of  Cornwall.  Several  copper  mines  had, 
however,  been  opened  on  these  high  lands ;  and  from  the  scarcity 
of  water,  it  was  retained  at  the  mines  for  some  time,  being  used  over 
and  over  again  for  stamping  and  dressing  the  ores,  until  it  became, 
as  a  natural  consequence,  highly  charged  with  metallic  impurities. 
In  this  state  it  was,  at  certain  intervals  of  time,  discharged  in  large 
quantities  down  the  valley,  overflowing  the  banks  of  the  stream  and 
causing  the  destruction  complained  of. 

The  great  object,  in  a  chemical  point  of  view,  was  to  trace  the 
cause  of  the  injury  into  the  substance  of  the  injured  herbage, 
the  dead  grass ;  and  this  I  found  could  be  readily  and  satisfactorily 
accomplished  by  means  of  the  test  now  indicated. 

Our  late  respected  President,  Mr.  Phillips,  to  whom  I  mentioned 
this  mode  of  testing  some  years  since,  introduced  it  into  his  trans- 
lation of  the  London  Pharmacopoeia. 
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MEMORANDUM  III. 

Some  additional  observations  on  the  Green  Teas  of  commerce. 

Since  the  publication  of  my  last  communication  on  this  subject, 
read  before  the  Society  on  May  19th,  1851,  a  series  of  microscopical 
and  chemical  examinations  have  been  published*  which  have  induced 
me  to  institute  some  additional  experiments,  the  results  of  which 
may  not  be  without  interest  to  some  of  the  members  of  the  Society, 
particularly  as  they  tend  to  remove  a  curious  anomaly  that  has  lately 
arisen.  In  the  series  of  examinations  alluded  to,  it  is  stated  that 
several  of  the  specimens  of  green  tea  submitted  to  investigation,  were 
coloured  with  indigo  mixed  with  porcelain  clay;  and  this  is  followed 
by  an  examination  of  some  of  the  colouring  materials  themselves 
used  at  Canton  for  this  purpose,  and  which  had  been  obtained  from 
the  museum  at  Kew  Gardens.  As  I  had  statedf  that,  up  to  that 
period,  no  sample  in  which  indigo  had  been  employed  as  an  artificial 
colouring  agent  for  green  teas  had  come  under  my  notice,  I  felt 
it  incumbent  on  me  to  investigate  the  matter.  For  this  purpose  I 
applied  to  Sir  W.  Hooker  on  the  subject,  and  he  allowed  me  in  the 
handsomest  manner  to  take  from  the  cases  in  the  museum,  small 
portions  of  the  materials  for  examination,  and  also  favoured  me  with 
the  loan  of  the  manuscript  Journal  of  Mr.  Berthold  Seeman,  by 
whom  the  specimens  had  been  collected  while  at  Canton,  as  Naturalist 
of  H.M.  ship  '  Herald,^  then  on  a  survey  in  that  quarter  of  the  globe. 
As  these  documents  have  been  since  published,  and  as  the  subject 
opens  some  interesting  particulars,  I  have  taken  the  liberty  of 
appending  his  account  in  his  own  words.J     Mr.  Seeman  here  dis- 

*  The  Lancet,  August  9th,  1851. 

t  Qu.  J.  Chem.  Soc.  IV,  p.  156. 

X  Hooker's  Journal  of  Botany  and  Kew  Garden  Miscellany,  No.  37,  for  Jan.,  1852: 
"  In  the  '  Manual  of  Scientific  Inquiry'  you  ask  whether,  in  the  northern  provinces 
of  China,  indigo  or  any  other  vegetable  dye  is  used  in  colouring  green  tea?  Whether 
different  processes  of  dyeing  are  pursued  in  the  north  from  those  of  the  south,  I 
cannot  say,  but  it  is  certain  that  around  Canton,  whence  great  quantities  are  annually 
exported,  the  green  tea  is  dyed  with  Prussian  blue,  turmeric  and  gypsum,  all  reduced 
into  fine  powder.  The  process  is  well  described  by  Sir  J.  F.  Davis  ('  The  Chinese,'  iii, 
244),  who,  however,  falls  into  the  strange  mistake  of  supposing  the  whole  proceeding  of 
colouring  to  be  an  adulteration,  and  leaves  his  readers  to  infer  th.it  it  is  only  occasionally 
done  in  order  to  meet  the  emergency  of  the  demand  ;  while  it  is  now  very  well  known 
that  all  the  green  tea  of  Canton  has  assumed  that  colour  by  artificial  dyeing.  I  had 
heard  so  much  about  tea,  copper-plates,  picking  of  the  leaves,  rolling  them  up  with  the 
fingers,  boiling  them  in  hot  water,  (Svc,  that  I  became  anxious  to  see  with  my  own  eyes 
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tinctly  states,  that  around  Canton  the  green  tea  is  dyed  with 
Prussian  blue,  turmeric,  and  gypsum ;  that,  in  the  manufacture  he 
inspected,  the  dyes  above  mentioned  were  added  ;  and  he  gives  their 
proportions.  That  there  was  no  concealment  or  mysterious  pro- 
ceeding; that  one  of  the  great  merchants  conducted  him  over  his  own 
and  also  another  manufactory,  and  that  everything  was  conducted 
openly  and  exhibited  with  great  civility.  And  yet,  strange  to  say, 
Mr.  Seeman  appears  to  have  been  deceived  notwithstanding  all  this; 
for  on  submitting  these  materials  to  the  action  of  chemical  tests,  there 
could  be  no  doubt  that  they  consisted  of  indigo,  of  a  very  inferior 
quality,  and  leaving  a  very  large  proportion  of  inorganic  matter  by 
calcination,  and  of  porcelain  clay.  It  is  also  curious  that  the  very 
case  selected  by  Mr.  Seeman  to  illustrate  the  processes,  is  the  con- 
version, by  means  of  this  facing  or  glaze,  of  a  low  quality  of  black  tea 
(Bohea  Saushung)  valued  at  about  4^.  to  Qd.  the  pound,  into  high 
quality  green  teas  valued  at  from  1*.  to  is.  6d.  the  pound  ;  but 
although  Mr.  Seeman  does  not  allow  this  to  be  an  adulteration,  yet 
surely  he  cannot  deny  that  it  is  a  fraud. 

Another  very  good  method  which  I  have  lately  employed  of 
removing  the  colouring  matter  from  the  surface  of  green  teas  for  the 
purpose  of  microscopical  investigation,  and  one  attended  with  very 
little  trouble,   is  to  take  a  piece  of  ci'eam-coloured  wove  paper,  or 


the  process  of  manufacture,  of  which  the  various  books  had  given  me  such  a  confused 
idea.  One  of  the  great  merchants  conducted  me  not  only  to  his  own,  but  also  to 
another  establishment,  where  the  preparation  of  the  different  sorts  was  going  forward. 
There  was  no  concealment  or  mysterious  proceeding,  everything  was  conducted  openly, 
and  exhibited  with  the  greatest  civility ;  indeed,  from  all  I  saw  in  the  country,  I  am 
almost  inclined  to  conclude  that  either  the  Chinese  have  greatly  altered,  or  their  wish 
to  conceal  and  mystify  everything,  of  which  so  much  has  been  said,  never  existed. 

"  Tlie  tea  is  brought  to  Canton  unprepared.  After  its  arrival  it  is  first  subjected  to 
cleaning.  Women  and  children  are  employed  to  pick  out  the  pieces  of  twigs,  seeds, 
and  other  impurities  with  which  it  happens  to  be  intermixed.  The  only  sorts  which 
may  be  called  natural  are  those  gathered  at  different  seasons;  the  rest  are  prepared  by 
artificial  means. 

"  Without  entering  into  a  description  of  all  these  processes,  it  may  suffice  (o  take  one 
as  an  example.  A  quantity  of  Bohea  Saushung  was  thrown  into  a  spherical  iron  pan 
kept  hot  by  means  of  a  fire  beneath.  These  leaves  were  constantly  stirred  about  until 
they  became  thoroughly  heated,  when  the  dyes  above  mentioned  were  added,  viz., 
to  about  twenty  pounds  of  tea,  one  spoonful  of  gypsum,  one  of  turmeric,  and  two  or 
even  three  of  Prussian  blue.  The  leaves  instantly  changed  into  a  bluish-green,  and, 
having  been  stirred  for  a  few  minutes,  were  taken  out.  They,  of  course,  had  shrivelled, 
and  assumed  different  shapes  from  the  heat.  The  different  kinds  were  produced  by 
sifting.  The  small,  longish  leaves  fell  through  the  first  seive,  and  formed  Young  Hyson, 
while  those  which  had  a  roundish,  granular  shape,  fell  through  last,  and  constituted 
Choo-cha,  or  Gunpowder." 
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paper  free  from  blue  colouring  material,  and  having  breathed  on  its 
surface  or  rendered  it  slightly  damp,  to  pour  the  sample  of  tea  under 
examination,  from  the  containing  paper  or  vessel  upon  it.  On  then 
removing  it  back  again,  a  quantity  of  the  facing  powder  will  be  found 
adhering  to  the  surface  of  the  paper ;  and  on  placing  it  under  the 
microscope,  it  will  be  found  studded  with  the  colouring  materials 
used,  and  the  blue  particles  can  be  subjected  to  the  action  of  chemical 
tests  with  the  greatest  ease,  by  placing  a  minute  drop  of  the  reagent 
on  the  granules  with  the  end  of  a  small  stirring  rod,  or  slip  of  glass, 
and  noting  the  effect. 

MEMORANDUM    IV. 

A   modification   of  the   ordinary  process  of  sublimation   in   a 
straight  tube. 

In  examining  the  blue  colouring  material  used  for  green  tea  taken 
from  the  Kew  Museum  so  as  to  demonstrate  its  being  indigo,  I  was  led 
to  try  a  modified  arrangement  in  the  ordinary  method  of  using  the 
straight  tube  for  sublimation.  It  consists  simply  in  introducing  the 
material  to  be  examined  into  a  small  capillary  tube,  of  such  an  external 
dimension  that  it  can  be  easily  passed  into  the  interior  of  another 
tube,  which  should  be  of  hard  white  glass.  By  this  means  the 
substance  can  be  placed  over  whatever  part  of  the  external  tube  the 
operator  may  desire,  at  the  same  time  avoiding  any  risk  of  soiling  the 
part  of  the  external  tube  on  which  the  sublimate  is  to  be  condensed, 
and  with  the  power  of  withdrawing  the  material  at  any  time  for  the 
removal  of  condensed  moisture,  or  only  matter,  as  also  of  shifting  its 
position  during  the  operation.  The  experiment  being  completed, 
the  internal  tube  is  withdrawn,  and  both  the  fixed  residue  and  the 
volatile  constituents  can  be  readily  submitted  to  chemical  agents,  or 
put  by  for  future  investigation. 

I  have  since  employed  this  arrangement  in  various  other  cases,  as 
in  the  detection  of  arsenic  and  corrosive  sublimate  in  cases  of 
poisoning,  with  complete  success. 
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XIV. — On  the  Action  of  Ammonia  upon  Binoxysulphocarbonate  of 

Amyl. 

By  Matthew  W.  Johnson, 

ASSISTANT    IN    THE    LABORATORY    OF    ST.    BARTHOLOMEW'S    HOSPITAL. 

Chemists  are  acquainted  with  the  singular  compound  which 
M.  Desains  obtained  by  the  action  of  iodine  upon  xanthate  of 
potash,  and  described  under  the  somewhat  lengthy  name  of  binoxy- 
sulphocarbonate of  ethyl.  They  likewise  recollect  the  experiments 
of  M.  Debus,  who  submitted  this  compound  to  the  action  of  am- 
monia, in  order  to  obtain,  if  possible,  a  more  definite  view  regarding 
its  constitution,  which  is  still  open  to  discussion.  These  experiments 
led  to  the  discovery  of  a  new  substance,  which  M.  Debus  terms 
xanthamide,  and  which  is  formed  in  this  reaction,  together  with 
xanthate  of  ammonia.  The  corresponding  term  in  the  amyl-series 
being  still  unknown.  Dr.  Hofmann  suggested  to  me  the  preparation 
and  study  of  this  substance,  while  at  the  Royal  College  of  Chemistry, 
in  the  laboratory  of  which  Institution,  the  experiments  about  to  be 
described  were  carried  out. 

In  preparing  binoxysulphocarbonate  of  amyl,  Desains'  process, 
slightly  modified,  was  successfully  employed.  To  hydrate  of  potash, 
crushed  to  a  coarse  powder  in  a  mortar,  fusel-oil  and  excess  of  anhy- 
drous bisulphide  of  carbon  are  added,  and  the  mixture  triturated 
until  a  soft  yellow  mass  results.  A  small  quantity  of  a  red  oily 
liquid  is  generally  found  disseminated  through  it. 

Amyloxanthate  of  potash  thus  prepared,  is  placed  in  a  flask  with 
bisulphide  of  carbon,  sufficient  in  quantity  to  convert  it  into  a  very 
thin  paste.  Iodine  is  then  introduced,  which  is  immediately  deco- 
lorized, with  evolution  of  heat.  On  agitation,  a  grey  mixture  is 
formed,  consisting  of  roundish  granules  of  iodide  of  potassium,  and 
a  yellow  mobile  liquid.  The  whole,  thrown  on  a  filter,  and  washed 
with  bisulphide  of  carbon,  yields  a  filtrate,  which,  on  distilling  off 
the  bisulphide  of  carbon,  leaves  the  binoxysulphocarbonate  of  amyl, 
a  yellow  oily  liquid,  which  is  thus  prepared,  in  considerable 
quantity,  with  the  greatest  ease,  and  sufficiently  pm'c. 

This  compound  was  treated  with  ammonia,  in  order  to  obtain 
the  substance  corresponding  to  M.  Debus's  xanthamide.  The  plan 
which  first  suggested  itself,  was  to  pass  dry  ammoniacal  gas  through 
an  alcoholic  solution  of  the  substance,  and  to  separate  the  amide 
from  the  ammoniacal  salt  simultaneously  generated,  by  evaporating 
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to  dryness,  and  exhausting  by  means  of  ether,  a  mode  of  separation 
quite  successful  with  regard  to  xanthamide.  This  method,  however, 
failed,  from  the  fact  that  the  new  compound  produced  in  this  re- 
action, which  I  shall  designate  by  the  term  Xanthamylamide,  is  only 
slightly  more  soluble  in  ether  than  the  accompanying  ammonia-salt, 
which,  as  proved  by  subsequent  analysis,  was  amyloxanthate  of  am- 
monia. The  process  finally  adopted,  was  to  digest  the  binoxysulpho- 
carbonate  of  arayl  with  a  concentrated  aqueous  solution  of  ammonia, 
at  a  slightly  elevated  temperature.  In  the  course  of  a  few  minutes 
the  mixture  becomes  turbid,  sulphur  is  deposited,  and  a  yellow  liquid, 
through  which  oily  particles  are  seen  suspended,  floats  above.  Four 
or  five  hours  suffice  to  accomplish  the  reaction.  When  1  part,  by 
bulk,  of  binoxysulphocarbonate  of  amyl  is  treated  with  3  parts  of 
ammonia,  a  semi-solid  mass  results.  This  mass,  diluted  with  water, 
and  thrown  upon  a  moistened  filter,  affords  a  clear  yellow  filtrate 
mixed  with  a  few  oily  globules,  which,  however,  on  refiltration,  are 
completely  separated.  The  oily  liquid  retained  by  the  filter  is  now  to 
be  well  washed  with  water,  which  dissolves  the  amyloxanthate  of  am- 
monia, leaving  behind  the  xanthamylamide  with  the  sulphur.  This 
mixture,  which  has  completely  separated  from  amyloxanthate  of  am- 
monia, is  freed  as  much  as  possible  from  water,  and  passed  through  a 
dry  filter,  which  retains  the  sulphur.  A  transparent,  pale-yellow 
oily  liquid,  is  now  obtained,  which,  for  the  purpose  of  desiccation,  is 
placed  in  vacuo  over  sulphuric  acid  for  some  time,  and,  finally,  a 
current  of  dry  carbonic  acid  gas  is  passed  through  the  liquid,  a  gentle 
heat  being  at  the  same  time  applied. 

The  xanthamylamide,  thus  prepared,  was  analysed.  The  numbers 
obtained  were,  however,  only  approximative,  because  the  substance 
could  not  be  freed  entirely  from  impurities,  the  method  of  pre- 
paring, not  excluding  small  quantities  of  fusel- oil,  and  even  water, 
l)urification  by  distillation  being  impossible,  because  the  com- 
pound is  decomposed  under  the  influence  of  heat.  The  substance 
was  analysed  in  the  ordinary  manner  with  chromate  of  lead,  a 
biuoxide  of  lead  tube  being  used  between  the  chloride  of  calcium 
tube  and  the  potash  bulbs,  to  retain  any  sulphurous  acid.  The 
su]|)hur  was  determined  by  ignition  in  a  combustion  tube,  with  a 
mixture  of  carbonate  of  soda,  nitrate  of  potash,  and  chlorate  of 
potash. 

The  following  results  were  obtained  : 

I.  0-1920  grm.  of  substance  yielded  : 
0-34C0     „      „  carbonic  acid, 
0-1781      „       „  water. 
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II.  0-2290  grm.  of  substance  gave  : 


0-4150 
0-2025 

III.  0-2520 
0-3889 

IV.  0-2825 
0-4259 

„      „  carbonic  acid, 
„      „  water. 
J,      „  substance  gave  : 
„      „  sulphate  of  baryta 
„      „  substance  gave  • 
„      „  sulphate  of  baryta 

These  numbers  lead  to  the 

following  percentages  : 

I. 

Carbon   .     49-11 
Hydrogen    10-27 
Sulphur .       — 

II.                  III. 
49-38               — 
9-82               — 
—              2115 

The  formula 

C 

JO  Hj3  NO2  S2 

IV. 


20-67 


constructed  from  analogy,  requires  the  following  values  : 

Theory.  Mean  of  Exijeriments. 


12  eqs. 

Carbon     . 

72 

48-98 

49-24 

13    „ 

Hydrogen 

13 

8-85 

1004 

1     „ 

Nitrogen 

14 

9-52 

— 

3    „ 

Oxygen   . 

16 

10-88 

— 

2    „ 

Sulphur  . 

32 

21-77 

20-91 

147  100-00 

All  my  attempts  to  distil  this  compound,  without  at  the  same  time 
decomposing  it,  failed.  When  the  temperature  rose  to  184°  C.  the 
liquid  boiled,  oily  drops  distilled  over,  and  a  strong  smell  of  amyl- 
mercaptan  was  noticed.  The  distillate,  dissolved  in  alcohol,  gave  a 
copious  white  precipitate  with  protochloride  of  mercury.  The  dark- 
grey  residue  in  the  retort,  boiled  with  w  ater  and  filtered,  afforded  a 
liquid  which,  evaporated  to  a  small  bulk,  and  stirred  rapidly,  depo- 
sited, when  cold,  an  adherent,  granular,  fawn-coloured  precipitate  of 
cyanuric  acid.  A  small  quantity,  dried  and  heated  in  a  tube,  emitted 
the  peculiar  suffocating  vapour  of  cyanic  acid.  This  change  is 
represented  by  the  following  equation  : 

3(C,2H,3N02S,)  =  3(Ci,H,jS.HS)  +  H3.C6N3  06 
< .^ <       < ^ '     <-_ . „ ' 

Xanthamylamide.  Amyl-mercaptan.       Hydr  Cyanuric  acid. 

When  heat  is  applied  to  a  quantity  of  the  amide  on  platinum  foil, 
it  emits  copious  white  fumes,  and  burns  with  a  luminous  yellow 
flame. 
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Xanthaniylamide  is  insoluble  in  water,  but  very  soluble  in  alcohol 
and  ether.  It  is  neutral  to  test-paper.  It  is  decomposed,  when 
boiled  with  hydrate  of  baryta ;  an  oily  liquid,  having  the  odour  of 
fusel-oil,  distils  over  ;  ammonia  is  disengaged  at  the  same  time  ;  and 
the  barytic  mixture  yields  with  hydrochloric  acid  and  sesquichloride 
of  iron  a  deep  red  liquid,  indicating  the  presence  of  a  sulphocyanide. 

Ci^HigNO^S.-FBaO.  HO  =  CioHi2  02  +  Ba.C2NS2  +  3HO 

<Ji ^ — 1 — r  > ^ 1 

Xanthainylamide.  Fusel-oil. 

The  same  reaction  takes  place  with  potash.  Sulphuric  acid  in 
the  cold  dissolves  it,  but  on  dilution,  the  mixture  becomes  turbid 
from  separation  of  oily  particles.  When  heat  is  applied,  sulphurous 
acid  is  evolved,  and  carbonization  ensues.  Fuming  nitric  acid  acts 
violently  upon  it,  with  copious  evolution  of  red  fumes ;  the  resulting 
solution  is  rendered  turbid  by  dilution,  and  oily  globules  rise  to  the 
top.  Concentrated  hydrochloric  acid  does  not  appear  to  act  upon  it, 
even  on  boiling.  Chlorine-water,  however,  immediately  attacks  it, 
giving  rise  to  a  volatile  oily  liquid;  sulphur  is  at  the  same  time 
deposited.  Iodine  merely  dissolves  in  xanthamylamide,  in  the  cold, 
forming  a  red  liquid,  which,  however,  on  the  application  of  heat,  is 
quickly  decolorised,  and  a  colourless  oil,  soluble  in  alcohol,  separates. 
Bromine  is  immediately  decolorised  by  xanthamylamide,  a  white 
solid  mass  resulting,  which  furnishes,  with  alcohol,  a  milky  liquid  ; 
water  now  eliminates  a  colourless  oil. 

Alcoholic  solutions  of  acetate  of  lead,  chloride  of  copper,  and 
nitrate  of  silver  are  not  precipitated  by  an  alcoholic  solution  of 
xanthamylamide.  An  aqueous  solution  of  bichloride  of  platinum 
however,  furnishes  a  copious  yellow  precipitate,  having  a  faint, 
peculiar  odour,  and  slightly  soluble  in  alcohol,  which  deposits,  on 
evaporation,  a  yellow  crystalline  compound.  The  mother-liquid  from 
these  crystals  quickly  becomes  brown,  and,  on  evaporation,  leaves  an 
amorphous  brown  residue,  copious  fumes  of  hydrochloric  acid  being 
evolved  at  the  same  time.  When  an  alcoholic  solution  of  bichloride 
of  platinum  is  employed  instead  of  an  aqueous  one,  perfect  solution 
of  the  substance  results,  and,  on  evaporation,  a  red  crystalline  com- 
pound is  deposited.  From  the  filtrate,  a  definite  substance  can  no 
longer  be  obtained.  Neither  potash  nor  hydrochloric  acid  appears 
to  affect  this  platinum-compound. 

Xanthamylamide  forms  a  perfectly  definite  compound  with  proto- 
chloride  of  mercury.  When  a  drop  or  two  of  an  alcoholic  solution  of 
this  salt  is  added  to  an  alcoholic  solution  of  the  amide,  merely  a 
faint  turbidness  occurs ;  on   increasing  the  proportion  of  the  former, 

VOL.   v. — NO.   xvni.  L 
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however,  until  it  is  present  in  considerable  excess,  a  copious  white 
precipitate  falls,  consisting  of  minute  feathery  crystals  of  the  mer- 
curv-compound ;  and  this,  when  washed  with  cold  alcohol,  in  which 
it  is  scarcely  soluble,  and  dissolved  in  a  large  quantity  of  boiling 
alcohol,  deposits  the  substance,  on  cooling,  in  a  pure  state.  The 
pure  compound  thus  obtained  was  analysed.  The  carbon  was  deter- 
mined by  combustion  with  chromate  of  lead,  the  binoxide  of  lead 
tube  being  employed  in  Experiment  III. ;  in  the  same  experiment  the 
mercury  was  determined  together  with  the  carbon  and  hydrogen. 
The  mercury  was  estimated  in  the  other  two  experiments  by  decom- 
posing the  substance  with  a  mixture  of  quick-lime  and  diy  carbonate 
of  soda  in  a  current  of  carbonic  acid,  and  collecting  the  mercury  in  a 
receptacle  formed  of  the  anterior  part  of  the  combustion  tube.  In 
Experiment  V.  this  operation  was  combined  with  the  German  process 
for  the  determination  of  nitrogen. 

I.  0"3865  grm.  of  mercury-compound,  dried  m  vacuo,  gave  : 

0*1565  „  „  carbonic  acid,  and 

0*0675  „  „  water. 

II.  0*4132  „  „  mercury-compound  gave  : 

0*1615  „  „  carbonic  acid,  and 

0*0820  „  „  water. 

III.  0*3898  „  „  mercury- compound  gave  : 
0*1448  „  „  carbonic  acid, 

0*0720     „      „  w^ater,  and 
0*2250     „      „  mercury. 

IV.  03645     „      „  mercury-compound,  dried  in  a  water-bath, 

afforded  : 

0*7970     „      „  mercury. 
V.  0*7150     „      „  mercury-compound  yielded  : 

0*4160     „      „  mercury,  and 

0*1700     „      „  bichloride  of  platinum  and  ammonium. 
From  these  numbers  the  following  percentages  are  deduced : 

I.  II.  III.  IV.  V. 

Carbon      .  .  11*02  10*65  10*13           —              — 

Hydrogen  .  1*94           2*20  2*05           —              — 

Nitrogen  .  .  —             —  —             —               1-48 

Mercury  .  .  _             _  57*72  58*40  58*18 

The  simplest  atomic  expression  of  these  percentages  is  the  for- 
mula * 


Cj2Hi3N02S,  +  4HgCl, 
which  require  the  following  values  : 
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Theory.  Mean  of  Experiments. 


12 

eqs. 

Carbon  .     . 

72-00 

10-45 

10-60 

13 

Hydi'ogen    . 

13-00 

1-89 

.    2-06 

1 

Nitrogen 

14-00 

2-03 

1-48 

2 

Oxygen  .     . 

1600 

2-32 

— 

2 

Sulphur 

32-00 

4-64 

— 

4 

Mercury. 

400-28 

58-07 

58-06 

4 

Chlorine 

14200 

20-60 

— 

689-28       100-00 

This  mercury-compound  is  insoluble  in  water ;  it  gradually  decom- 
poseSj  however^  if  kept  for  a  considerable  period  in  contact  with  it,  an 
odour  of  fusel-oil  becoming  perceptible.  It  is  but  slightly  soluble  in 
either  cold  alcohol  or  ether ;  its  solubility,  however,  is  increased  on 
boiling.  Cold  concentrated  sulphuric  acid  causes  an  immediate 
evolution  of  hydrochloric  acid,  and  elevation  of  temperature,  at- 
tended with  blackening.  Nitric  acid  acts  with  energy  upon  it. 
Cold  hydrocUoric  acid  has  no  effect  upon  it;  but,  on  boiling,  a 
portion  of  the  chloride  of  mercury  is  dissolved  out,  and  another 
mercury-compound  formed,  containing  a  smaller  amount  of  the 
chloride  than  the  original  compound ;  it  is  a  white,  soft,  solid  sub- 
stance, adhering  with  great  tenacity  to  the  sides  of  the  vessels,  and, 
when  heated,  melts  into  a  white,  opaque  oil. 

On  boiling  the  mercury-compound  with  potash,  a  black  precipi- 
tate is  obtained,  and  an  odour  of  fusel-oil  becomes  perceptible. 
Concentrated  ammonia,  in  the  cold,  immediately  decomposes  it,  with 
formation  of  black  protosulphide  of  mercury.  Baryta  likewise 
decomposes  it  on  boiling,  with  evolution  of  an  aromatic  volatile 
compound,  protosulphide  of  mercury  remaining  behind. 

An  attempt  was  made  to  prepare  a  quantity  of  pure  xanthamyl- 
amide  by  decomposing  the  mercury-compound  with  hydrosul])huric 
acid,  but  it  proved  a  failure — an  oily  liquid  being  obtained,  which 
obstinately  retained  the  hydrochloric  acid  generated  in  the  reaction ; 
no  indication  of  crystallization  was  observed.  The  compound  sepa- 
rated is,  however,  doubtless  xanthamylamide. 

The  analysis  of  the  oily  product  produced  by  the  action  of  ammonia 
upon  binoxysulphocarbonate  of  amyl,  its  products  of  decomposition, 
and  the  examination  of  the  mcrcury-com])ound  which  I  have  just 
now  described,  establish  beyond  any  doubt  the  existence  in  the  aniyl- 
scries  of  a  substance  homologous  with  the  xanthamide  of  the  ethyl- 

L  2 
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series.     The  formation  of  this  body  is  represented  by  the  following 
equation  : 

2(CioIIip2CS,0)+2H3N  =  Ci,Hi3NO,S,  + 

Binoxysulphocarbonate  Xauthamylamide. 

of  amyl. 

H,N.CioHii,2CS2  0  +  2S. 

. ^ ' 

Amyloxanthate  of  ammonia. 

It  now  remains  only  to  prove,  by  direct  expei'iment,  that  the  salt 
produced,  together  with  xauthamylamide,  is  actually  amyloxanthate 
of  ammonia.  This  salt  crystallises  from  an  alcoholic  or  ethereal 
solution,  in  long  colourless  prisms,  which,  when  cautiously  heated 
between  two  watch-glasses,  give  a  beautifully  crystallised  sublimate. 
It  is  gradually  decomposed  by  water ;  a  cold  aqueous  solution,  how- 
ever, may  be  obtained,  which  will  deposit  prismatic  crystals  on  evapo- 
ration in  vacuo ;  but  the  presence  of  a  large  quantity  of  water 
in^'ariably  gives  rise  to  an  oily  liquid — a  product  of  decomposition. 
When  evaporated  in  the  water-bath,  the  salt  volatilises  with  the 
vapour  of  water.  Exposure  to  air  decomposes  this  salt  even  when 
dry,  one  of  the  products  of  decomposition  being  invariably  sulpho- 
cyanide  of  ammonium.  The  yellow  oil  which  separates  at  the  same 
time,  on  being  washed  with  water  and  dissolved  in  alcohol,  does  not 
afford  a  crystalline  compound  with  bichloride  of  platinum,  which 
suffices  to  distinguish  this  substance  from  xanthamylamide. 

An  attempt  to  purify  the  salt  by  gently  heating  it  in  a  current  of 
dry  air,  with  a  view  to  sublimation,  proved  fruitless;  it  rapidly 
decomposed;  white  fumes  appeared,  which  condensed  to  colourless 
and  yellow  globules ;  the  yellow  colour  of  the  salt  deepened  in  tint ; 
when,  suddenly,  brisk  chemical  action  was  set  up  in  the  mass, 
attended  by  copious  effervescence,  and  the  whole  changed  at  once 
into  a  turbid  yellow  fluid,  a  strong  evolution  of  sulphide  of  ammonium 
vapour  accompanying  the  reaction.  On  dissolving  the  mass  in 
water,  a  solution  containing  sulphocyanide  of  ammonium  was  obtained, 
on  which  drops  of  fusel- oil  floated. 

Caustic  potash  added  to  an  aqueous  solution  of  the  salt  under 
examination,  causes  the  evolution  of  ammonia,  even  in  the  cold, 
and  copiously  when  heated.  Hydrochloric  acid  separates  from  it  a 
volatile  oily  acid  of  a  suffocating  odour  and  insoluble  in  water. 
Nitrate  of  silver  gives  a  yellow  curdy  precipitate ;  acetate  of  lead,  an 
adhesive,  yellow,  semi-solid  salt,  which  gradually  decomposes  and 
becomes    brown.     These   observations   arc   sufficient   to   characterize 
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amyloxanthate  of  ammonia  in  an  unmistakable  manner  ;  nevertheless 
I  thought  it  desirable  to  tix,  by  a  number,  the  formation  of  this  salt, 
in  the  decomposition  which  binoxysulphocarbonate  of  amyl  suffers 
under  the  influence  of  ammonia ;  and,  as  amyloxanthate  of  ammonia 
could  not  be  obtained  sufficiently  pure  for  direct  estimation,  I  se- 
lected the  lead-salt  for  analysis.  To  prepare  this  compound,  a  con- 
centrated aqueous  solution  of  the  ammonia-salt  was  mixed  with  a 
large  quantity  of  alcohol,  and  added  to  an  alcoholic  solution  of  acetate 
of  lead  until  a*  precipitate  began  to  appear;  alcohol  in  excess  then 
afforded  a  clear  solution,  which,  on  spontaneous  evaporation,  deposited 
delicate  shining  plates  of  amyloxanthate  of  lead,  which  were  washed 
with  alcohol,  dried,  and  submitted  to  analysis  : 

0-2790  grm.  of  the  lead-compound  gave 
0*1565     „     „  sulphate  of  lead, 

corresponding  to 

38'32  per  cent  of  lead. 
Amyloxanthate  of  lead : 

Pb.C,oHn.2CS2  0 
requires 

38*85  per  cent  of  lead. 

On  dissolving  amyloxanthate  of  potash,  prepared  by  the  ordinary 
process  in  alcohol,  and  adding  an  alcoholic  solution  of  acetate 
of  lead,  a  salt  was  obtained  having  all  the  properties  of  the  above 
compound.  Incidentally  to  the  pi'cceding  investigation,  a  few  experi- 
ments were  made  with  the  acid  separated  by  sulphuretted  hydrogen 
from  the  amyloxanthate  of  lead.  This  salt,  freshly  made,  was  quickly 
washed  with  cold  water,  suspended  in  alcohol,  and  treated  with  hydro- 
sulphuric  acid  gas;  and  the  colourless  liquid  separated  by  the  filter 
from  the  sulphide  of  lead  was  warmed  until  the  free  sulphuretted  hy- 
drogen was  dissipated.  It  then  possessed  an  acid  reaction,  which 
chloride  of  barium  showed  was  not  owing  to  sulphuric  acid,  as  it 
gave  no  precipitate.  It  gave  a  yellowish-white  crystalline  precipitate, 
however,  with  an  alcoholic  solution  of  acetate  of  lead,  and  potash 
gave  rise  to  the  crystalline  potash-salt.  Evaporation  left  a  liquid 
highly  acid  to  test-paper,  and  farther  evaporation  caused  the  evolution 
of  white  suffocating  fumes. 

According  to  a  statement  of  M.  Chancel,*  the  distillation  of  a 
mixture  of  xauthatc  of  potash  and  sulphomethylatc  of  potash  gives 

*  Coniiitcs  Ueiidus,  April  21st,  1851. 
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rise  to  a  compound  which  he  terms  sulphocarbonate  of  ethyl  and 
methyl,  and  which,  under  the  influence  of  ammonia,  is  converted  into 
semi-sulphuretted  urethane,  or  xanthamide,  and  methyi-mercaptan. 
This  statement  induced  me  to  institute  a  few  experiments  with  a 
view  to  procure  xanthamylamide  by  analogous  means.  For  this 
purpose,  I  prepared  the  sulphocarbonate  of  amyl  and  ethyl,  by 
distilling  a  mixture  of  amyloxanthate  of  potash  and  sulphovinate  of 
potash : 

(K.  C,oH,,.2CS20)  +  (C,  H5. K.2S0,)  =  (^^o  H„.  CS,0^  ^ ^^  g^^ 

Amyloxanthate  of  potash.         Sulphovinate  of  Sulphocarbonate  of 

potash.  amyl  and  ethyl. 

The  distillate,  which  consisted  of  a  yellow  aromatic  liquid  floating 
above  a  colourless  one,  was  digested  for  several  days  with  concen- 
trated ammonia.  A  yellow-coloured  mixture  resulted,  which  emitted 
the  odour  of  amyl-mercaptan.  I  was,  however,  unable  to  obtain 
positive  proof  of  the  formation  of  xanthamylamide.  I  was  more 
fortunate  with  regard  to  the  analogoiis  sulphocarbonate  of  methyl 
and  amyl.  This  compound,  when  heated  with  dry  ammoniacal  gas, 
and  digested  with  it  for  several  months,  gave  rise  to  a  substance 
which  possessed  all  the  properties  of  xanthamylamide;  the  quantity 
obtained,  however,  was  too  small  to  admit  of  an  analysis. 

The  formation  of  xanthamylamide  in  this  reaction  is  represented  by 
the  equation : 

(c!o  hO^^^^  0  +  H3  N = C,2  H,3  NO2  S2 + C,  U,  S.  HS. 

' ^ '  « ^ 1 

Sulphocarbonate  of  methyl  and  amyl.  Xanthamylamide. 

I  cannot  conclude  without  publicly  acknowledging  the  kind  advice 
and  assistance  of  Dr.  Hofmann  during  the  prosecution  of  this  in- 
vestigation. 
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XV. — O71  a  New  Process  for  the  Detection  of  Fluorine  when 
accompanied  by  Silica. 

By    George    Wilson^    M.D. 

Having  had  occasion  recently  to  examine  several  substances  con- 
taining a  small  amount  of  fluorine,  along  with  a  large  amount  of 
silica,  I  have  put  in  practice  two  processes,  one  of  which  is  so  easily 
managed,  and  has  yielded  such  excellent  results,  that  I  bring  it 
before  the  attention  of  the  members  of  the  Chemical  Society. 

The  substances  which  I  had  to  examine  were  the  ashes  of  straw, 
hay,  coal,  and  charcoal ;  and  likewise  granite,  basalt,  greenstone,  and 
clinkstone,  in  the  majority  of  which,  fluoi'ine  has  not  hitherto  been 
detected,  nor,  indeed,  sought  for,  owing,  doubtless,  to  the  practical 
difficulties  which  attend  the  detection  of  fluorine  when  accompanied 
by  much  sUica.  The  chief  difficulty  in  such  inquiries  arises  from 
the  necessity  of  carrying  on  the  analysis  in  vessels  of  platinum,  which 
makes  it  impossible  to  subject  large  quantities  of  material  to  investi- 
gation. 

The  following  process  meets  this  difficulty,  as  it  requires  only  the 
ordinary  glass  and  porcelain  vessels  of  the  laboratory,  and  may  be 
prosecuted  with  any  amount  of  material.  It  is  founded  upon  the 
very  familiar  fact,  that  when  a  fluoride,  combined  or  mixed  with 
silica,  is  heated  with  oil  of  vitriol,  the  fluorine  and  silicon  are 
evolved  in  combination,  as  the  well-known  fluoride  of  silicon  (SiFg) ; 
and  it  is  applicable  to  all  silicated  fluorides  which  yield  this  gas. 
It  is  further  applicable  to  compounds  containing  mere  traces 
of  fluorides,  but  free  from  silica,  which  are  brought  within  the 
compass  of  the  process,  by  the  deliberate  addition  of  silica  to  them, 
so  as  to  admit  of  their  being  heated  in  large  quantity  with  oil  of 
vitriol  in  glass  vessels.  In  either  case,  the  fluoride  of  silicon  set  free 
is  conveyed  by  a  bent  tube  from  a  flask  or  retort  into  water.  The 
resulting  solution,  containing  some  gelatinous  silica,  is  supersaturated 
with  ammonia,  and  evaporated  to  dryness,  during  which  process  the 
fluoride  of  silicon  and  ammonium  (2  SiF3  +  3  NII^F)  is  resolved  into 
silica,  which  is  rendered  insoluble,  and  fluoride  of  ammonium,  which 
is  dissolved  by  digesting  water  on  the  evaporated  residue.  The 
solution  of  the  ammonio-fluoride  is  then  evaporated  to  dryness,  and 
heated  with  oil  of  vitriol,  in  a  platinum  crucible,  covered  by  a  piece  of 
waxed  glass,  having  lines  traced  through  it,  so  as  to  permit  tlic 
hydrofluoric  acid  evolved  to  etch  the  glass.     I  have  tried  this  process 
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with  Peterhead  and  Aberdeen  granite,  with  basalt  from  Arthur's 
Seat,  greenstone  from  Corstorphine  Hill,  and  clinkstone  from  Black- 
ford Hill — all  three  in  the  neighbourhood  of  Edinburgh.  I  have 
also  tried  it  with  the  ashes  of  barley-straw,  of  hay,  of  coal,  and  of 
charcoal ;  and  in  addition  with  a  fossil  bone,  containing  much  car- 
bonate of  lime,  and  with  a  deposit  from  the  boiler  of  an  ocean 
steamer.  To  the  bone  and  to  the  boiler  deposit,  pounded  glass  was 
first  added.  I  lay  before  the  Society  some  of  the  specimens  obtained 
in  this  way.  They  are  not  selected  successful  ones,  but  represent 
the  earliest  trials.  Where  the  rocks  under  examination  have  been 
weathered,  or  the  substances  (such  as  plant-ashes)  have  contained 
salts  of  volatile  acids  (for  example,  chlorides  and  carbonates),  I  have 
treated  them  first  with  oil  of  vitriol  in  the  cold,  so  as  to  evolve 
hydrochloric  acid  and  carbonic  acid.  On  afterwards  raising  the 
liquid  to  the  boiling-point,  in  a  flask  with  a  bent  tube,  a  gas  was 
given  ofi",  if  fluorine  were  present,  which  deposited  gelatinous  silica 
when  passed  through  water,  and  produced  with  it  a  solution  which 
gave  a  gelatinous  precipitate  with  potash.  The  whole  of  the  fluoride 
of  ailicon  is  given  ofi"  as  soon  as  the  oil  of  vitriol  has  reached  its 
boiling-point.  I  am  at  present  engaged  in  applying  this  process  to 
a  variety  of  substances,  and  in  ascertaining  its  applicability  to  the 
quantitative  determination  of  fluorine.  I  forbear,  in  the  meanwhile, 
to  enlarge  upon  the  interesting  geological,  mineralogical,  and  physio- 
logical results  which  may  be  expected  to  flow  from  the  discovery  of 
fluorine  in  trap  rocks,  and  the  recognition  of  its  comparative  abun- 
dance in  plants. 


PROCEEDINGS 

AT    THE 

MEETINGS  OF  THE  CHEMICAL  SOCIETY. 


Anniversary  Meeting,  March  30,  1352. 

Professor  Daubeny,  President,  in  the  Chair. 

The  following  Annual  Report  was  read  by  the  President. 

Gentlemen, 

The  Twelfth  Anniversary  of  this  Society,  which  we  are  to-day 
assembled  to  celebrate,  opens  under  circumstances  peculiarly  aus- 
picious, suggesting  to  us  matter  for  congratulation  as  to  the  past, 
and  for  encouragement  with  respect  to  the  future. 

Our  body  has  already,  by  the  number  of  its  members,  by  the  value 
of  its  contributions  to  science,  and  by  the  increasing  interest  testified 
in  its  proceedings,  vindicated  to  itself  a  full  claim  to  the  place  which, 
under  the  presidentship  of  Mr.  Brande,  it  had  acquired  amongst  the 
chartered  scientific  societies  of  the  metropolis ;  and  is  now,  moreover, 
I  am  happy  to  add,  established  in  a  locality  more  worthy  of  its  high 
position,  and  capable  of  afibrding  those  accommodations  for  the 
reception  of  its  members  and  for  the  display  of  its  library  and  of  its 
collections,  of  which  it  has  long  felt  the  want. 

The  advantages  of  the  present  abode  need  not  indeed  be  particu- 
larized in  addressing  members,  upon  the  recollections  of  most  of  whom 
the  deficiencies  of  our  former  locality  must  be  vividly  impressed ;  nor 
could  they  have  been  secured  at  a  more  fortunate  moment  than  the 
present,  when  they  enabled  us  to  accommodate  that  large  assemblage 
of  chemical  products  which  were  so  liberally  contributed  by  various 
individuals  at  the  close  of  the  (ircat  Exhibition  of  last  year. 

In  consequence  of  these  donations,  we  may  indeed  fiatter  ourselves 
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that  the  Chemical  Society  will  hereafter  be  resorted  to,  not  only 
as  the  spot  where  the  newest  discoveries  in  this  department  of  science 
may  be  expected  to  be  announced,  and  the  most  authentic  information 
on  the  existing  state  of  our  knowledge  on  such  subjects  obtained; 
but  also  as  the  depository  of  all  that  is  curious  and  important 
amongst  the  natural  or  artificial  productions,  which  may  from  time  to 
time  be  elaborated  through  the  instrumentality  of  chemical  processes. 
And  when  we  recollect  how  difficult  and  how  toilsome,  even  in 
expert  hands,  the  preparation  of  many  of  these  compounds  is  found 
to  be,  how  little  there  is  to  induce  the  mere  manufacturing  chemist  to 
exercise  his  skill  upon  them,  and  how  unprofitable  it  would  be  for  the 
most  assiduous  cultivator  of  the  science  to  obtain  by  his  own  unassisted 
labours  any  considerable  number  of  the  multifarious  combinations 
which  art  is  capable  of  bringing  about  between  the  elements  of  matter, 
the  utility  of  such  a  depot  for  the  reception  of  such  presents,  as  we 
are  now  attempting  to  form,  cannot  perhaps  be  too  highly  appre- 
ciated. 

Each  of  the  substances,  indeed,  stored  up  within  our  cases,  may  be 
regarded  as  a  standard  with  which  to  compare  any  new  body  lighted 
upon  in  the  progress  of  chemical  investigation,  and  thus  as  not  only 
aiding  directly  in  the  advancement  of  science,  but  also  in  the  prevention 
of  much  unnecessary  labour,  by  pointing  out  what  has  already  been 
ascertained  in  each  department  of  inquiry.  I  may,  therefore,  take 
upon  myself  to  congratulate  the  Society  most  warmly  on  the  progress 
that  has  been  made  towards  the  formation  of  a  Chemical  Museum, 
and  to  point  out  as  one  of  the  incidental  benefits  flowing  from  the 
Great  Exhibition  of  last  year,  that  it  has  been  the  means  of  affording 
such  ample  contributions  to  that  treasury  of  scientific  products, 
which  it  is  our  pride  to  possess, 

I  should,  indeed,  have  deemed  the  acquisition  of  a  place  in  which 
these  advantages  might  be  secured,  as  a  worthy  object  upon  which  to 
expend  a  portion  of  our  reserved  funds,  had  the  general  interests 
of  science  alone  been  consulted  in  this  appropriation  of  them ;  but 
there  was  also  reason  to  hope  that  every  addition  to  our  means  of 
imparting  knowledge  would  be  followed  by  a  greater  disposition  on 
the  part  of  the  public  to  avail  itself  of  them  ;  and  hence  that  these 
increased  facilities  would  be  followed  by  a  proportionate  augmenta- 
tion in  the  number  of  our  members.  And  although  the  influence  of 
these  changes  will  be  more  felt  hereafter,  yet  I  am  happy  to  report 
that  already  the  increase  which  has  taken  place  in  our  members, 
is  such  as  to  show  that  this  anticipated  result  has,  to  a  certain 
extent,  been  realised. 
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It  appears,  from  the  Secretary's  Report,  that  there  have  been 
elected  since  the  last  Anniversary  Meeting,  24  members,  whilst  the 
deaths  and  resignations  together  amount  only  to  8 ;  showing  an 
increase  over  last  year  of  16,  from  which  number,  however,  might 
perhaps  be  deducted  2,  who  have  suffered  the  time  to  expire  within 
which  the  payment  of  the  entrance-fee  should  have  been  made,  and 
whose  election  is  consequently  void. 

According  to  this  calculation,  the  actual  number  of  FelloAvs  will  be 
243 ;  whereas,  at  the  last  Anniversary  Meeting,  it  was  only  229, 
showing  that  the  steady  though  slow  increase  in  our  number,  which 
had  been  remarked  on  former  anniversaries,  still  continues. 


STATEMENT  OF  THE  NUMBER  OF  FELLOWS  OF  THE  CHEMICAL  SOCIETY 
AT  THE  PRESENT  TIME,  AND  AT  THE  CORRESPONDING  PERIOD  OF 
LAST    YEAR. 

Present  number  of  Fellows    .......     245 

Elected  since  last  Anniversary  Meeting  .         .         .24 

Deaths  and  resignations  since  last  Anniversary  Meeting  .       8 

Increase  since  last  Anniversary  Meeting  ...  16 

Number  of  Fellows  at  period  of  last  Anniversary  Meeting  229 

T.  Redwood, 

Secretary. 
March  22,  1852. 


The  three  Fellows  whom  we  have  lost  by  death  since  our  last 
Anniversary,  ai'e  Mr.  Richard  Phillips,  Mr.  William  West,  and 
Mr.  Henry  Bcaufoy. 

The  first  of  these  gentlemen  had  vacated  the  office  in  this  Society 
in  which  I  had  the  honour  to  succeed  him,  only  a  short  time,  when  he 
was  seized  by  an  attack  of  bronchitis,  which  quickly  terminated 
an  useful  and  busy  life,  mainly  dedicated  to  the  investigation  of 
physical  truth. 

Mr.  Richard  Phillips  and  his  elder  brother  William,  who  died 
several  years  ago,  were  the  sons  of  a  printer,  in  George  Yard,  Lom- 
bard Street,  a  member  of  the  Society  of  Friends. 

The  elder  brother  was  distinguished  as  a  crystallographcr  and  as  a 
mmeralogist,  in  wliich  capacities,  as  well  as  by  his  compilations  in 
geology,  he  aided  materially  the  early  progress  of  that  science.     The 
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younger,  educated  as  a  druggist,  under  the  late  Mr.  William  Allen, 
of  Plough  Court,  became  at  least  equally  distinguished  for  his  acquire- 
ments in  Chemistry, 

His  reputation,  indeed,  in  this  line,  secured  to  him  at  an  early  age 
the  honour  of  a  place  in  the  Royal  Society,  and  caused  him  also  to  be 
elected  as  an  honorary  member  of  the  Medico- Chirurgical  Society, 
thus  bringing  him  into  intimate  connexion,  on  the  one  hand,  with 
the  chemical  philosophers,  and  on  the  other,  with  the  physiologists 
and  physicians  of  the  age. 

He  might  indeed  be  regarded,  during  the  latter  part  of  his  life,  as 
a  connecting  link  between  the  chemists  of  the  last  generation  and  of 
the  present,  having  been  the  contemporary  of  Davy  and  Wollaston, 
no  less  than  of  Faraday  and  Graham;  and  in  his  death  we  have 
lost  one  of  the  last  of  that  distinguished  band  of  philosophers,  who, 
before  chemical  science  had  so  enlarged  its  boundaries,  as  to  include 
within  its  domain  and  to  comprehend  within  the  operation  of  its 
laws  the  products  of  animal  and  of  vegetable  life,  occupied  them- 
selves almost  exclusively  in  the  investigation  of  the  combinations  of 
which  mineral  bodies  are  susceptible. 

Mr.  Phillips^  labours  in  this  latter  department  were  characterized 
by  great  neatness  and  precision ;  so  that  they  may  indeed  be  appealed 
to  at  the  present  time  as  models  of  skilful  and  exact  research.  To 
him  we  are  indebted  for  the  first  correct  analyses  of  the  Bath  waters, 
in  the  course  of  which  investigation  he  discovered  the  cause  of  the 
apparent  uncertainty  in  the  indications  afforded  by  the  common  tests 
for  iron,  caused  by  the  variations  that  occur  in  their  effects,  according 
as  carbonate  of  lime  is  present  or  not. 

This  was  followed  by  an  examination  of  other  celebrated  mineral 
springs,  and  by  that  of  several  rare  minerals,  one  of  which  relates  to 
his  discovery  of  phosphoric  acid  combined  with  uranium,*  a  fact  which 
had  escaped  the  searching  eyes  of  Berzelius,  who  was  thus  as  much 
outdone  in  the  above  particular  by  the  subject  of  this  notice,  as 
Davy  had  been  by  him  when  he  detected  the  presence  of  phosphoric 
acid  in  Wavellite,  which  the  great  English  chemist  had  overlooked. 

By  this  and  other  of  his  contributions  to  science,  Mr.  Phillips  so 
raised  his  reputation,  that  he  was  pronounced  by  Dr.  Thomas  Thom- 
son, in  his  Chemistry,  the  first  of  modern  analytical  chemists. 

It  was,  however,  in  the  pharmaceutical  branch  of  the  subject  that 
his  services  were  most  conspicuous,  as  might  be  expected  from  one 
of  his  acuteness,  after  a  training  in  the  above-mentioned  establish- 

*  Annals  of  Philosophy  for  1823. 


PROCEEDINGS    OF    THE    CHEMICAL    SOCIETY.  157 

ment  in  Plough  Court,  of  which  the  chemical  reputation  ranked 
justly  so  high. 

Indeed,  the  perfect  familiarity  he  possessed  with  the  processes 
in  use,  enabled  him  to  detect  the  errors  into  which  the  framers 
of  our  London  Pharmacopceia  had  fallen  ;  whilst  the  keenness  of  his 
reviews  gave  currency  to  his  censures,  of  which  even  those  who 
smarted  under  their  severity,  could  scarcely  help  acknowledging  the 
justice.  Accordingly,  at  a  subsequent  period,  he  was  especially  con- 
sulted on  the  drawing  up  of  two  of  the  editions  of  the  London 
Pharmacopoeia  by  the  College  of  Physicians  itself,  whose  previous 
labours  in  that  department  he  had  so  severely  criticised,  and  thus  led 
the  way  to  many  of  the  much  needed  corrections  in  the  processes 
since  introduced. 

Indeed,  during  the  latter  part  of  his  life,  he  was  appealed  to  as 
perhaps  the  highest  living  authority  in  this  branch  of  chemistry ;  and 
his  translation  of  the  London  Pharmacopoeia,  the  last  edition  of 
which  he  was  engaged  at  the  time  of  his  death  in  superintending, 
was  looked  upon  as  the  best  book  of  reference  on  all  chemical  ques- 
tions involved  in  the  preparation  of  medicines. 

From  the  year  1821,  Mr.  Phillips  conducted  the  Annals  of 
Philosophy ;  and  when  that  periodical  was  incorporated  with  the 
London,  Edinburgh  and  Dublin  Philosophical  Magazine,  his  services 
were  secured  as  one  of  its  editors,  a  post  he  held  till  his  death. 

For  this  office  he  was  well  qualified,  from  the  frankness  and 
friendliness  of  his  character,  no  less  than  from  his  acuteness  of 
intellect,  which  enabled  him  to  subject  the  scientific  communications 
which  came  before  him  to  that  rigid  scrutiny,  which  the  promulgator 
of  every  new  view  and  original  fact  must  be  prepared  to  encounter, 
before  either  the  one  or  the  other  receives  the  stamp  of  public  recog- 
nition, and  can  be  admitted  as  a  part  of  the  common  patiimony 
of  science. 

Mr.  Phillips  was  successively  Lecturer  on  Chemistry  at  the  Lon- 
don Hospital;  at  the  Government  INIilitary  College,  at  Sandhurst; 
at  Mr.  Grainger's  School  of  IMcdicine,  in  Southwark ;  and  at  St.  Tho- 
mas's Hospital.  In  1839,  he  was  appointed  Curator  of  the  Museum 
of  Practical  Geology,  now  in  Jermyn  Street,  an  office  which  he 
continued  to  hold  till  the  date  of  its  formal  opening,  under  the 
auspices  of  H.K.H.  Prince  Albert,  in  July  last,  on  the  very  day 
before  which,  he  breathed  his  last,  at  the  age  of  seventy-two,  after  a 
short  illness. 

Although  I  was  not  myself  fortunate  enough  to  be  frequently 
thrown  into  his  society,  I  had  seen  enough  of  him  to  l)c  persuaded  of 
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the  truth  of  the  character  given  of  him  by  his  intimateSj  who  describe 
him  as  not  less  remarkable  for  his  ready  power  of  repartee,  and  keen 
sense  of  the  ridiculous,  than  for  the  quickness  of  observation,  range 
of  knowledge  and  precision  of  intellect,  by  which  he  was  publicly 
distinguished. 

Mr.  William  West  was  born  at  WandsAVorth,  in  the  year  1793, 
of  parents,  both  of  whom  wei'e  members  of  the  Society  of  Friends. 

In  the  year  1816,  he  established  himself  as  a  druggist,  at  Leeds, 
where  he  became  quickly  distinguished  by  his  exemplary  diligence 
and  unremitting  attention  to  the  scientific  as  well  as  to  the  commercial 
part  of  his  business. 

His  spare  moments  were  mostly  occupied  in  the  study  of  the  most 
recent  discoveries  in  chemistry,  in  analytical  researches,  and  in  the 
preparation  of  the  various  papers  which  he  contributed  to  different 
scientific  societies.  Of  these,  no  less  than  twenty-three  may  be 
enumerated  which  were  read  before  the  Leeds  Philosophical  and 
Literary  Society ;  and  these  were  not  only  of  a  kind  connected  with 
his  own  professional  pursuits,  but  also  related  to  various  other  depart- 
ments of  science  and  literature.  He  took  an  active  and  prominent 
part  in  the  foundation  of  the  above-named  society,  of  which  he 
became  successively  the  Honorary'  Secretary,  the  Vice-President,  and 
the  President. 

He  also  interested  himself  warmly  in  the  Leeds  Mechanics'  Insti- 
tute, and  was  Vice-President  of  the  Geological  and  Polytechnic 
Society  of  the  West  Hiding  of  Yorkshire,  to  which  he  contributed 
various  papers.  On  the  1st  of  March,  1842,  he  was  elected  an 
Associate  of  the  Institute  of  Civil  Engineers,  and  was  awarded  the 
Telford  Medal,  on  the  9th  of  December,  1846,  for  a  paper  "On 
Water  for  Locomotive  Engines."  He  was  also  elected  a  Fellow 
of  the  Royal  Society,  on  the  19th  of  February,  1846.  Mr.  West 
was  Chemical  Lecturer  to  the  Leeds  School  of  Medicine,  from  the 
year  1831  to  1846,  when  ill-health  compelled  him  to  resign  this 
post,  as  from  the  same  cause  he  soon  after  did  the  commercial  part 
of  his  business,  though  still  continuing  to  be  engaged  in  analyses 
and  in  scientific  investigations  of  a  judicial  kind,  in  which  his 
authority  was  much  esteemed,  up  to  the  period  of  his  decease,  which 
took  place  on  the  10th  of  September,  of  last  year. 

My  own  acquaintance  M'ith  Mr.  West  dates  as  far  back  as  the 
period,  when  he  formed  with  myself  one  of  that  little  band  of  pro- 
moters or  cultivators  of  science,  who,  obedient  to  the  summons  of 
Sir  David  Brewster,  assembled  at   York,   in  the  year  1831,   and 
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whilst  there,  iu  spite  of  the  smalhiess  of  our  numbers  (which, 
however,  besides  the  illustrious  philosopher  who  first  projected  the 
Meeting,  included  the  names  of  Dalton,  of  Murchison,  of  Forbes, 
and  of  Sowerby),  had  the  boldness  to  organise  the  scheme  of  that 
great  scientific  association,  which  next  year  obtained  its  full  develop- 
ment at  Oxford,  and  has  since  been  w^elcomed  in  almost  every  large 
city  of  the  British  dominions. 

The  last  time  I  saw  Mr.  West,  was  at  the  meeting  of  this  same 
body,  which  took  place  last  year  at  Ipswich,  w^hen  he  exerted  himself 
to  persuade  the  General  Committee  to  fix  upon  his  native  town  for 
their  place  of  meeting  in  the  year  1854,  although,  with  a  conscious- 
ness of  declining  health,  which  the  event  has  shown  to  have  been  but 
too  well  founded,  he  declared  his  persuasion  that  he  should  not  be 
alive  at  the  time  to  welcome  us  himself. 

The  late  Mr.  Henry  Beaufoy,  of  South  Lambeth,  passed  his  time 
in  such  complete  seclusion  from  the  routine  of  society,  that  there  are 
very  few  particulars  to  relate  respecting  him. 

He  was  educated  for  many  yeai*s  under  Dr.  Good  enough,  at 
Ealing  School,  which  well  accounted  for  his  classical  attainments  and 
the  literary  predilections  he  preserved  throughout  life.  When,  how- 
ever, on  the  death  of  his  elder  uncle,  it  was  considered  necessary 
by  the  family  that  he  should  become  a  mercantile  man,  Henry 
Beaufoy,  under  the  guidance  of  Mr.  Nicholson  of  Soho  Square, 
gave  his  attention  to  practical  chemistry,  which  eventually  enabled 
him  to  conduct  with  success  a  large  manufactory,  by  causing  him  to 
appreciate  and  adopt  some  modern  improvements  in  science,  of  great 
value  to  his  trade. . 

Deeply  grateful  as  he  was  to  that  Providence  which  had  bestowed 
on  himself  and  all  his  father's  children  so  many  blessings,  he  con- 
sidered it  an  act  of  duty  to  prove  his  gratitude  while  living,  by 
appropriating  a  large  portion  of  his  income  to  charitable  purposes. 
Of  the  extent  of  these  acts  of  munificence,  the  following  statement 
may  convey  a  brief,  although  a  very  inadequate  representation.  To 
the  City  of  London  School  alone,  he  appears  to  have  been  a  benefactor 
to  the  amount  of  £10,000.  Then  he  had  established  four  scholar- 
ships for  four  students,  at  Cambridge,  and  had  instituted  various 
prizes  for  the  best  essays,  and  for  other  purposes.  Amongst  the  rest 
was  .£1,000  to  encourage  the  study  of  Shakspeare,  the  interest  to  be 
given  away  to  the  most  deserving  candidate  upon  the  anniversary  of 
the  poet's  birthday,  which  chanced  to  coincide  Avith  his  own. 

Mr.    Henry    Beaufoy    was    the  eldest    son    of   Colonel  March 
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Beaufoy,  well  known  for  his  elaborate  nautical  and  hydraulic  expe- 
riments, the  results  of  some  of  which,  the  subject  of  this  notice 
published  in  a  handsome  quarto  volume.  The  entire  impression 
of  this  work,  comprising  I  believe  no  less  than  fifteen  hundred  copies, 
he,  with  his  accustomed  liberality,  distributed  gratuitously  amongst 
scientific  men  and  societies,  thus  performing  at  once  a  public  service 
and  an  act  of  filial  duty. 

He  was  born  on  the  32nd  of  April,  1786,  died  on  the  12th  of 
July,  1851,  and  lies  buried  in  Norwood  Cemetery,  in  the  same  grave 
with  his  wife,  as  a  monument  to  whom,  he  had  erected,  at  his  own 
expense,  at  Lambeth,  a  very  handsome  building  for  a  ragged  school, 
which  he  established  and  endowed  most  liberally. 


The  Papers  that  have  been  read  at  our  Meetings  since  the  last 
Anniversary  are  by  no  means  inferior  either  in  number  or  in  interest 
to  those  of  preceding  years.  I  shall  not  pretend,  however,  to  do 
more  than  just  to  present  to  you  a  list  of  their  titles,  which  are 
as  follows  : 

Papers  read  at  the  Meetings  of  the  Chemical  Society,  from  Ajjril  7th, 
1851,  to  March  \oth,  1852,  inclusive. 

"  On  the  Composition  of  the  Water  of  the  Dee  and  the  Don 
at  Aberdeen,  with  an  investigation  into  the  action  of  Dee-water  on 
lead  pipes  and  cisterns."  By  John  Smith,  M.D.,  Fordyce  Lecturer 
on  Agriculture,  and  Assistant  in  the  Chemical  Laboratory  of  Marischal 
College. 

"  On  a  peculiar  property  of  Ether  and  some  Essential  Oils."  By 
Dr.  C.  F.  Schonbein. 

"  On  the  Analysis  of  the  Sediment  deposited  from  the  Biver  Nile, 
in  Lower  Egypt."     By  Matthew  W.  Johnson. 

"  Notice  of  a  Specimen  of  Chlorobromide  of  Silver,  from  Chili." 
By  Colonel  Philip  Yorke. 

"  On  the  Tests  for  Nitrates,  and  a  New  Test  for  Nitrites."  By 
David  S.  Price,  Ph.D. 

"  On  a  New  Test  for  Iodides."     By  the  same. 

"Analysis  of  Milk."     By  John  Ellis  Roberts. 

"  Observations  on  the  Teas  of  Commerce."  By  Robert  Waring- 
ton. 

"  On  the  Composition  and  Properties  of  the  Carbonates  of  Lead, 
constituting  the  White  Lead  of  Commerce."     By  J.  A.  Phillips. 

"On  the  Equivalent  of  Phosphorus."     By  Professor  Sch  rotter. 
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"  Note  on  a  case  of  Leakage  in  a  Leaden  Water-cistern."  By 
J.  H.  Gilbert,  Ph.  D. 

"  On  Dibenzoylimide,  a  new  derivative  of  Oil  of  Bitter  Almonds." 
By  Joshua  H.  Robson. 

"  On  Chromic  Acid  and  Sesquioxide  of  Manganese."  By  J.  Adam 
Fairie. 

''  On  the  Chromate  of  Ammonia."     By  the  same. 

"  On  Etherification."     By  Professor  Williamson. 

"  On  the  Valuation  and  Composition  of  Protochloride  of  Tin." 
By  Professor  Penny. 

"  On  the  Chemical  Examination  of  the  Metals  and  Alloys  known 
to  the  Ancients."     By  J.  Arthur  Phillips. 

"  Observations  on  the  Phenomena  of  Animal  Phosphorescence." 
By  Thornton  J.  Herapath. 

"  Analysis  of  a  Mineral  containing  Gold,  from  the  province  of 
Coquimbo,  Chili."     By  F.  Field. 

"  Description  of  Lapis  Lazuli,  found  in  large  quantities  in  the 
Cordilleras  of  the  Andes."     By  the  same. 

"  On  the  Spontaneous  Decomposition  of  Gun-cotton  and  its  con- 
geners."    By  J.  H.  Gladstone,  Ph.  D. 

"On  the  Action  of  Arsenious  Acid  on  Albumen."  By  John  B. 
Edwards. 

"On  the  Action  of  Ammonia  on  Sebacic  Ether."  By  T.  H. 
Rowney. 

"  Analysis  of  the  Water  supplied  by  the  Bristol  Water-works 
Company."     By  Thornton  J.  Herapath. 

"  On  a  quick  approximative  method  of  estimating  minute  quan- 
tities of  Iron  by  means  of  a  Colorimeter."     By  the  same. 

"  On  the  Decomposition  of  Citrate  of  Lime  in  contact  with  putrify- 
ing  Curd."     By  Henry  How. 

"  On  a  new  method  of  obtaining  Hippuric  Acid  in  considerable 
quantity  without  evaporating  the  urine,  and  on  some  of  its  products 
of  decomposition."     By  Edward  Riley. 

"  On  Populin."     By  M.  Rafaelle  Piria. 

"  On  the  variation  in  the  relative  proportion  of  Potash  and  Soda 
present  in  certain  samples  of  Barley  grown  in  plots  of  ground,  arti- 
ficially impregnated  with  one  or  other  of  these  alkalies."  By  Pro- 
fessor Daubcny,  F.R.S. 

"On  the  Compounds  of  Cotton  with  the  Alkalies."  By  J.  II. 
Gladstone,  Ph.  D. 

"  On  the  Occurrence  of  Capric  and  Caprylic  Acids  in  sonic  Fouscl 
Oils."     By  T.  H.  Rowney. 
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"On  Dr.  Keller's  supposed  formation  of  Metacctonic  Acid  from 
Flour  and  Leather."     By  K.  W.  Forster. 

"  On  the  detection  of  Alum  in  Flour,  with  remarks  on  the  prepa- 
ration of  Distilled  Water  and  pure  Potash."     By  J.  H.  Pepper. 

"  Contributions  towards  the  histoiy  of  Tannic  Acid."  By  Dr. 
Strecker. 

Besides  these  Memoirs,  formally  communicated  to  the  Society,  we 
have  had  at  various  times  laid  before  us  interesting  notices  of 
researches  now  in  progress  in  foreign  countries ;  as,  for  instance, 
of  the  new  process  for  determining  urea,  invented  by  Baron  Liebig, 
which  promises,  when  fully  worked  out,  to  facilitate  greatly  the 
observations  which  the  physician  and  the  physiologist  are  equally 
interested  in  making,  respecting  the  changes  that  occur  in  this 
important  ingredient  of  the  urinary  secretion. 

And  now.  Gentlemen,  little  more  remains,  except  for  me  to  express 
my  warmest  thanks  to  the  Members  of  the  Council  generally,  and  to 
the  Secretaries  in  particular,  for  the  kind  manner  in  which  they  have 
relieved  me  from  the  more  onerous  part  of  my  duties,  by  the  constant 
attention  bestowed  by  them  on  the  business  of  the  Society,  rendered 
this  year  more  than  ever  laborious  by  the  arrangements  consequent 
upon  the  change  of  our  rooms.  Without  their  advice  and  co-opera- 
tion, indeed,  it  would  have  been  impossible  for  me,  living  as  I  do  at 
a  distance  from  the  metropolis,  to  have  accepted  the  honourable  post 
you  have  in  so  flattering  a  manner  assigned  to  me,  however  desirous 
I  might  be  to  discharge  its  duties,  so  far  as  my  time  and  abilities 
permitted.  Indeed  I  have  more  reasons  than  one  to  apologize  to 
you  for  my  deficiencies  and  shortcomings,  especially  when  I  compare 
myself  to  the  distinguished  men  who  have  preceded  me  in  this  office. 
Not  only  have  I  felt  myself  less  able  efficiently  to  discharge  its 
duties,  by  reason  of  my  residing  so  much  farther  from  my  post  than 
any  of  the  former  presidents,  but,  divided  as  my  time  has  long  been 
between  two  complicated  and  rapidly  advancing  sciences,  I  am  neces- 
sarily the  less  competent  to  grapple  with  many  of  those  intricate 
questions  in  chemical  philosophy  upon  which  I  might  be  expected  to 
offer  an  opinion. 

Perhaps,  indeed,  paradoxical  as  it  may  sound,  the  wide  range  of 
subjects  which  Chemistry  herself  embraces,  or  to  which  she  is  able  to 
lend  a  helping  hand,  may  be  regarded  as  the  very  circumstance 
which  has  most  contributed  to  reconcile  me  to  undertaking  other 
duties  in  conjunction  with  those  which  devolve  upon  me  as  Professor 
of  Chemistry  in  the  University  to  which  I  belong.     The  changes. 
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for  example,  brought  about  by  nature  or  induced  by  art  in  the 
growing  vegetable,  cannot  but  be  influenced  by  those  laws,  which  are 
common  to  matter,  whether  inert  or  living,  and  thus  are  brought,  to 
a  certain  extent  at  least,  under  the  domain  of  Chemical  Philosophy. 
Hence,  Vegetable  Physiology  (and  Rural  Economy  also,  so  far  as 
that  art  is  directed  by  scientific  principles)  appears  less  alien  to  the 
pursuits  of  a  chemist  than  it  would  be  to  those  of  a  man  of  science, 
who  was  devoted  to  any  kind  of  natural  philosophy  more  limited 
in  its  range  of  subjects.  And,  I  may  add,  this  infinite  variety  in  the 
nature  of  the  researches  which  our  science  includes  within  its  juris- 
diction, affords,  in  my  opinion,  the  most  convincing  argument  that 
can  be  offered  on  behalf  of  the  necessity  for  the  existence  of  a  society 
like  ours,  exclusively  dedicated  to  its  promotion.  Formerly,  indeed, 
the  attempt  to  draw  off  from  the  Philosophical  Transactions  any 
portion  of  that  class  of  contributions  upon  which  so  much  of  their 
credit  has  ever  rested,  might  have  been  viewed  with  some  jealousy  by 
the  Royal,  the  common  parent  of  all  those  societies  which  have 
subsequently  started  up. 

But  such  a  feeling  cannot  reasonably  be  entertained  at  the  present 
moment,  when  chemistry  has  so  enlarged  its  boundaries  as  to  embrace 
within  its  compass  the  kingdoms  of  living  as  well  as  of  inanimate 
nature.  For  without  here  pronouncing  upon  the  difficult  and  much 
debated  question  as  to  the  extent  to  which  vital  functions  are 
influenced  by  chemical  laws,  it  may  be  sufficient  to  establish  the 
justice  of  my  remark,  if  we  recollect  that  an  infinite  variety  of 
curious  and  important  chemical  products  owes  its  origin  to  vital 
processes,  in  so  far  as  the  latter,  by  bringing  together  the  particles 
of  matter  under  conditions  not  imitable  by  art,  do  in  fact  supply 
us  with  a  number  of  new  principles  to  work  upon,  in  addition  to 
those  furnished  by  the  mineral  kingdom ;  elements,  indeed,  inas- 
much as  they  are  the  roots  of  new  combinations,  although  themselves 
compounds,  as  being  made  up  of  bodies  regarded  by  us  as  simple. 

Under  such  circumstances,  it  must  be  apparent  to  every  one  that 
the  Royal  Society  could  never  have  taken  cognizance  of  the  whole  of 
that  vast  range  of  subjects  which  modern  chemistry  embraces,  and 
that  many  papers  of  great  promise  and  of  much  practical  utility 
would  have  been  lost  to  the  world,  but  for  the  existence  of  such 
a  society  as  our  own.  Moreover,  the  experience  of  the  last  ten  years 
has  completely  established  the  position,  that  at  no  period  in  the 
history  of  the  Royal  Society  have  more  important  Chemical  Papers 
appeared  in  its  Transactions,  and  at  none  has  the  number  of  Com- 
munications to  it  in  the  same  department  been  so  numerous  as  they 

M    ^ 
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have  been  since  the  Chemical  Society  has  been  established.  I  need 
only  allude  to  the  memoirs  of  Graham,  of  Hofmann,  and  of 
Brodie,  in  proof  of  the  former  part  of  this  assertion,  namely,  as  to  the 
value  of  the  Chemical  Papers  which  have  been  recently  supplied 
to  the  Philosophical  Transactions  by  members  of  the  Chemical 
Society. 

With  respect  to  the  second  part  of  my  statement,  I  may  remark, 
that  the  average  of  papers  on  chemical  subjects,  not  including  elec- 
tricity, contained  in  the  Philosophical  Transactions  during  the  ten 
years  preceding  the  foundation  of  the  Chemical  Society,  was  only 
about  3  in  two  years,  or  16  in  ten  years ;  that  during  the  first  four 
years  of  our  existence,  namely,  from  1842  to  1846  inclusive,  the 
number  of  papers  was  12,  or  2^  yearly ;  whilst,  during  the  last 
quinquennial  period,  they  have  risen  to  20,  or  to  5  on  the  average 
each  year.* 

Yet  although  there  is  good  ground  for  believing  that  the  establish- 
ment of  this  Society,  so  far  from  damaging  the  interests  of  the 
Royal,  has  rather  tended  to  advance  them,  serving,  as  it  has,  as 
a  feeder  to  that  great  original  trunk  of  scientific  information ;  and 
although  it  is  true,  that  the  spii'it  of  the  age  no  less  than  the 
extension  of  the  fields  of  research  in  each  department,  calls  impera- 
tively for  a  multiplication  of  scientific  institutions  throughout  the 
country,  it  afi'ords  at  the  same  time  no  argument  against  their  juxta- 
position. Indeed,  any  arrangement  which  should  effect  this  object, 
with  respect  to  the  chartered  scientific  institutions  of  the  capital, 
would  have  much  to  recommend  it,  not  only  on  the  ground  of 
economy  and  convenience,  inasmuch  as  one  set  of  accounts  might 
then  do  the  work  of  several  societies,  and  one  meeting-house  serve 
the  purpose,  perhaps,  of  the  whole  number  so  brought  together; 
but  also  in  materially  promoting  the  object  which  each  of  us  has  in 

*  This  may  be  seen  bvlhe  following  table. 
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common,  by  facilitating  the  intercourse  between  men  engaged  in 
different  departments  of  inquiry,  and  by  removing  some  of  the 
obstacles  that  impede  their  mutual  co-operation  ;  thus  rendering  the 
same  service  to  the  metropolis  which  the  British  Association  for 
the  Advancement  of  Science  professes  to  do  with  reference  to  the 
provinces. 

Whilst,  therefoi'c,  I  congratulate  you,  as  indeed  I  have  already 
done,  on  the  additional  conveniences  afforded  by  our  present  suite 
of  apartments  over  our  last,  I  would  still  more  heartily  hail  the  day 
which  should  see  all  the  principal  chartered  societies  of  the  metro- 
polis under  a  common  roof,  pursuing  their  separate  labours  indeed 
independently,  but  at  the  same  time  deriving  mutual  support  and 
assistance  from  their  contiguity ;  exercising  no  paramount  juris- 
diction, but  moving  forwards  in  harmony  and  concert,  as  becomes 
the  federal  members  of  the  great  republic  of  science. 


The  audited  Statement  of  the  Treasurer's  Account  was  submitted 
to  the  Society  as  follows  : 
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Mr.  J.  J.  Griffin  and  Dr.  Price  having  been  appointed  Scrutators, 
the  Meeting  proceeded  to  the  Election  of  Council  and  Officers  for  the 
ensuing  year ;  and  the  following  gentlemen  were  declared  to  have 
been  duly  elected  : 

PRESIDENT. 

Charles  G.  B.  Daubeny,  M.D.,  F.R.S.,  F.G.S.,  F.L.S. 

VICE-PRESIDENTS. 

William  Allen  Miller,  M.D.,  F.ll.S.         Robert  Warington,  Esq. 
Lyon  Playfair,  C.B.,  Ph.D.,  FRS.  Colonel  Philip  Yorke,  F.R.S. 

TREASURER. 

Robert  Porrett,  F.R.S.,  F.S.A. 

SECRETARIES. 

Benjamin  Collins  Brodie,  F.R.S.  Theophilus  Redwood,  Ph.D. 

FOREIGN    SECRETARY. 

A,  W.  Hofmann,  Ph.D.,  F.RS. 

OTHER    MEMBERS    OF    THE    COUNCIL. 

Thomas  Anderson,  M.D.,  Edin-       H.  Bence  Jones,  M,D.,  F.R.S. 

burgh.  J.  P.  Joule,  F.R.S. 

John  Blyth,  M.D.,  Cork.  G.  D.  LongstafF,  M.D. 

Dugald  Campbell,  Esq.  J.  Arthur  Phillips,  Esq. 

Warren  De  la  Rue,  Ph.D.,  F.R.S.      A.  W.  Williamson,  Ph.D. 

J.  H.  Gladstone,  Ph.D.  George  Wilson,  M.D.,  F.R.S. 
Thomas  Graham,  F.R.S. 

It  was  moved  by  Dr.  Warren  Dc  la  Rue,  seconded  by  Dr. 
Lyon  Playfair,  and 

Resolved, 
That  it  is  desirable  to  alter  the  By-laws  of  the  Society,  in  so  far  as 
they  relate  to  the  number  of  Vice-Presidents ;  so  that  those  Fellows 
of  the  Society  who  have  served  the  office  of  President,  shall  be 
annually  proposed  for  election  as  Vice-Presidents  in  additioii  to  the 
Vice-Presidents  elected  under  the  present  By-laws  ;  and  that  sucii 
alteration  be  made  as  follows  : 
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At  page  11  of  the  printed  Charter  and  By-laws  of  the  Society,  in 
the  second  paragraph,  and  sixth  line  from  the  top,  the  words  "four 
Vice-Presidents"  to  be  changed  to  ^'four  or  more  Vice-Presidents." 

At  page  15,  in  By-law  VII,  the  last  line  of  this  By-law,  being  the 
fourteenth  line  from  the  top  of  the  page,  to  be  expunged,  and  the 
following  w^ords  to  be  substituted : — "  Fellows  who  have  filled  the 
office  of  President  at  any  time  since  the  formation  of  the  Society, 
shall  be  proposed  by  the  Council  for  election  as  Vice-Presidents ;  and 
this  proposition  shall  be  renewed  every  year,  excepting  when  any 
such  are  again  elected  to  the  Presidency.  There  shall  be  four  other 
Vice-Presidents  who  have  not  filled  the  office  of  President,  and  every 
year  one  of  these  shall  retire  from  office." 

The  thanks  of  the  Society  were  voted  to  the  President,  Officers, 
and  other  Members  of  Council,  for  their  services  during  the  past 
year. 


April  5,  1852. 

Colonel  Philip  Yorke,  Vice-President,  in  the  Chair. 

The  following  donations  were  announced  : 

"  The  Pharmaceutical  Journal  for  April  •"  from  the  Editor. 
"  The  Literary  Gazette  for  March  20th  and  27th  and  April  3rd :" 
from  the  Publishers. 

The  following  gentlemen  were  duly  elected  Fellows  of  the  Society : 

The  Rev.  AY.  Thomson,  M.A.,  Queen's  College,  Oxford. 
Robert  Keates,  Esq.,  35,  Carter  Street,  Walworth. 
Samuel  Gale,  Esq.,  17,  Bloomsbury  Square. 

A  paper  was  read  : 

"  On  the  Detection  and  Qualitative  Separation  of  Tin,  Antimony, 
and  Arsenic  ;  and  on  the  relation  existing  between  these  metals  and 
others  which  are  precipitated  from  their  acid  solutions  by  sulphuretted 
hydrogen,"  by  Charles  L.  Bloxam. 
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April  19,  1852. 
Professor  Daubeny,  President,  in  the  Chair. 

The  following  donations  were  announced  : 

"Transactions  of  the  Roj^al  Scottish  Society/'  Vol.  Ill,   Part  5: 
from  the  Society. 

Specimens  of : 

Caprylic  Alcohol:  from  Dr.  Williamson. 
Anhydrous  Benzoic  Acid:  from  M.  Gerhardt. 

The  following  papers  were  read  : 

1.  "Researches  on    the  Constitution  of  Organic  Acids:"  by  M. 
Charles  Gerhardt;  communicated  by  Dr.  Williamson. 

2.  "Note  on  the  Preparation  of  Carbonate  of  Amyl :"  by  John 
A.  Bruce. 

3.  "New  Formation  of  Salicylic  Acid:"  by  H.  Gerland.     (Prom 
a  Letter  of  Dr.  Kolbe  to  Dr.  Hofmann.) 


May  3,   1852. 

Robert  Warington,  Esq.,  Vice-President,  in  the  Chair. 

John  William  Perkins,  Esq.,  Union  Wharf,  Narrow  Street, 
Limehouse,  and  William  Wilson,  Esq.,  9,  Maida  Hill,  were  duly 
elected  Fellows  of  the  Society. 

The  following  papers  were  read  : 

1.  "  On  the  Preparation  of  Anhydrous  Acetic  Acid :"  by  M.  Charles 
Gerhardt. 

2.  " Chemical  Memoranda ;"  by  Robert  Warington. 

3.  "  On  the  iiction  of  Ammonia  upon  Binoxysulphocarbonate  of 
Amyl :"  by  Matthew  W.  Johnson. 

4.  "  On  a  New  Process  for  the  Detection  of  Fluorine  when  accom- 
panied with  Silica:"  by  George  Wilson,  M.D. 
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May  17,  1852. 

Professoe  Daubeny,  President,  in  the  Chair. 

Captain  James  Whitmore,  63,  Park  Street,  Grosvenor  Square, 
was  duly  elected  a  Pellow  of  the  Society. 

A  paper  was  read  : 

"On  a  New  Test  for  Strychnine :"  by  J.  H.  Pepper. 

The  Author  suggests  the  use  of  a  solution  of  red  prussiate  of 
potash  in  oil  of  vitriol  as  a  test  for  sti-ychnine,  this  substance  deve- 
loping in  the  solution  a  violet-blue  colour,  when  added  in  the  dry 
state,  or  dissolved  in  ether.  An  aqueous  solution  cannot  be  used,  as 
the  presence  of  water  alone  produces  a  blue  colour. 

A  verbal  communication  was  made  to  the  Society  by  Dr.  Glad- 
stone, "  On  the  Atomic  Weights  of  some  of  the  Elements." 


June  7,  1852. 
Colonel  Philip  Yorke,  Vice-President,  in  the  Chair. 
The  following  donations  were  announced : 

"Specimens  of  Crystallized  Lead:"  from  H.  L.  Pattison,  Esq. 

"  Two  Specimens  of  Essential  Oil  of  Bitter  Almonds :"  from 
George  Whipple,  Esq. 

"  The  American  Journal  of  Science  and  Arts  for  May,  1852 :" 
from  the  Editors. 

"  The  Journal  of  the  Franklin  Institute  for  February,  March,  and 
April :"  from  the  Institute. 

"The  Pharmaceutical  Journal  for  June  :"  from  the  Editor. 

"  The  Literary  Gazette  for  May  32nd  and  29th,  and  June  5th  :" 
from  the  Publishers. 

"  A  Pamphlet  on  Cotton,  Flax,  &c.,  and  their  Bleaching ;  and  on 
the  Oxides  and  Nitrates  of  Lead ;  and  Reports  on  the  Examination 
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of  the  Sujjply  of  "Water  to  the  Town  of  Preston  :"   from  F.  Grace 
Calvert,  Esq. 

A  resolution  of  the  Council  was  read,  recommending  to  the  Society 
that  the  names  of  thirteen  Fellows,  whose  subscriptions  are  more 
than  four  years  in  arrears,  be  removed  from  the  list  of  Fellows,  in 
accordance  with  the  By-laws  of  the  Society. 

The  following  communications  were  read : 

1.  "A  note  from  Mr.  Pepper  relating  to  a  paper  read  at  the 
preceding  Meeting  on  a  New  Test  for  Strychnine." 

2.  "  A  note  on  the  Existence  of  Strontia  in  the  Well- Waters  of 
Bristol :"  by  William  and  Thornton  J.  Herapath. 

3.  "On  the  Analysis  of  Chrome  Ores:"  by  F.  Crace  Calvert. 

4.  "  On  certain  Isomeric  Transformations  of  Fats :"  by  Patrick 
Duffy. 

5.  "  On  the  Qualitative  Separation  of  Arsenic,  Tin  and  Antimony :" 
by  George  F.  Ansell. 


June  21,   1852. 

Professor  Daubeny,  President,  in  the  Chair. 

Alfred  Smee,  Esq.,  was  admitted  a  Fellow. 
The  following  donations  were  announced  : 

"Specimens  of  Chloride  of  Platosammonium,  Chloride  of  Diplatos- 
ammonium.  Chloride  of  Diplatosammonium  and  Copper,  Chloride  of 
Diplatosainmonium  and  Lead,  Bichromate  of  Diplatosamine,  Salt  of 
Magnus,  Salt  of  Gros  :"  from  G.  B.  Buckton,  Esq. 

"The  Quarterly  Journal  of  the  Geological  Society  for  May, 
1852:"  from  the  Society. 

"  The  Nineteenth  Annual  Report  of  the  Royal  Cornwall  Poly- 
technic Society  :"  from  the  Society. 

"The  Literary  Gazette  for  June  12th  and  19th:"  from  the  Pub- 
lishers. 
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The  following  papers  were  read : 

1.  "Observations  upon  a  New  Series  of  Double  Chlorides  con- 
taining Diplatosamraonium  •!'  by  G.  B.  Buckton^  F.L.S. 

2.  "  On  the  Action  of  Iodine  on  Phosphorus  :"  by  B.  C.  Brodie, 

r.R.s. 

3.  "On  the  Acid  Oxalates  of  the  Earths  :'^  by  Edward  Clapton. 

4.  "Researches  on  the  Anhydrous  Organic  Acids:"  by  Charles 
Gerhardt. 


NOTICES 

OP 

Papers  contained  in  other  Journals. 


Report  upon  the  Alleged  Adulteration  of  Pale  Ales  by  Strychnine. 
By    Professors    Graham    and    Hofinann. 

Having  undertaken  at  the  request  of  Mr.  Allsopp  an  inquiry  into 
the  purity  of  bitter  beer,  with  particular  reference  to  its  alleged 
adulteration  by  strychnine,  we  now  submit  the  results  which  we 
have  obtained  upon  the  subject. 

Stiychnine  or  strychnia,  the  alleged  substitute  for  the  hop,  is 
a  fine  crystallizable  substance,  exti'acted  from  nux  vomica,  and 
belonging  to  the  class  of  vegetable  principles  termed  alkaloids, 
of  which  quinine  from  Peruvian  bark,  and  morphine  from  opium, 
are  the  most  familiar  examples.  These  substances,  although  sus- 
ceptible of  the  most  valuable  medical  application  in  small  doses,  are, 
generally  speaking,  remarkable  for  their  energy  as  poisons,  and  for  the 
intense  bitterness  of  their  taste ;  two  properties  which  are  developed 
in  strychnine  in  the  highest  degree.  Half  a  grain  of  the  latter 
substance  would  poison  and  the  bitterness  of  the  same  minute 
quantity  is  ])erceptible  in  every  drop  of  six  or  eight  gallons  of  water 
in  which  it  is  dissolved. 

It  may  be  stated  at  once,  that  the  quantity  of  strychnine,  which 
we  find  necessary  to  impart  to  beer  the  degree  of  bitterness 
possessed  by  pale  ales,  is  for  a  gallon  of  beer  one  grain  of  strychnine, 
or  double  the  fatal  dose.  The  price  of  strychnine  is  about  16s. 
the  ounce,  which  docs  not  amount  to  so  much  as  one  penny  per 
grain.  Estimating  the  annual  production  of  pale  ale  in  Burton  as 
200,000  barrels,  the  strychnine  required  as  a  bitter  would,  however, 
amount  to  1G,M8  ounces,  and  cost  .£13,158;  while  nobody  believes 
that  so  much  as  1,000  ounces  of  strychnine  arc  manufactured  over  the 
whole  world.  The  bitterness  obtained  by  means  of  strychnine  is 
equal  in  degree  to  that  of  the  hop,  but  very  different  in  kind  and 
easily  distinguished  when  the  two  bitters  arc  compared.     The  bitter 
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of  the  hop  is  immediate  in  its  action  upon  the  palate,  is  accom- 
panied by  a  fragrant  aroma  and  soon  passes  off;  whilst  that  of 
strychnine  is  not  so  instantaneous ;  but  when  the  impression  is  once 
made  it  is  more  lasting,  and  becomes,  from  its  persistence,  like 
that  of  a  metallic  salt.  The  bitter  of  strychnine  is,  indeed,  easily 
distinguishable  from  that  of  the  hop,  w'hen  deliberately  tasted. 

Still  it  would  be  highly  desirable  to  be  able  to  identify  strychnine 
in  beer,  by  the  actual  extraction  of  the  substance,  and  the  application 
to  it  of  a  chemical  test  of  absolute  certainty.  Fortunately  those 
poisons  which  have  the  most  violent  action  upon  the  animal  economy 
possess  often  also  the  best  mai'ked  reactions,  or  their  physiological 
and  chemical  properties  are  equally  salient.  Thus  arsenic  and 
hydrocyanic  acid  are  the  most  easily  detected  of  chemical  substances ; 
and  strychnine  proves  to  be  not  far  behind  them  in  this  respect. 

A  quantity  of  strychnine,  not  exceeding  ,  ,,'„  ^  of  a  grain,  is  tested 
and  recognised  to  be  strychnine  in  the  following  manner.  The 
powder  is  moistened  W'ith  a  single  drop  of  undiluted  sulphuric  acid, 
and  a  small  fragment  of  cliromate  of  potash  placed  in  the  liquid.  A 
beautiful  and  most  intense  violet  tint  immediately  appears  at  the 
points  of  contact,  and  is  speedily  diffused  over  the  whole  liquid. 
Although  most  intense,  the  colour  disappears  entirely  again  in  a  few 
minutes.  The  admixture  of  the  smallest  quantity  of  organic  matter, 
however,  interferes  with  the  success  of  the  process.  In  order  to 
apply  the  test,  in  operating  upon  a  complex  liquid  like  beer,  the 
strychnine  must  first  be  extracted  from  the  liquid  and  obtained  in  a 
pure  or  nearly  pure  condition.  This  difficulty,  w^hicb  appears  at 
first  considerable,  may  be  readily  surmounted,  and  the  strychnine,  if 
it  really  exist  in  beer,  be  separated,  and  its  nature  established  in  the 
most  certain  manner. 

For  this  purpose,  two  ounces  of  ivory-black,  or  animal  char- 
coal were  shaken  in  half  a  gallon  of  beer  to  which  h  grain  of 
strychnine  had  been  purposely  added.  After  standing  over  night, 
the  liquid  was  found  to  be  nearly  deprived  of  all  bitterness ;  the 
strychnine  being  absorbed  by  the  charcoal.  The  liquid  was  now 
passed  through  a  paper-filter,  upon  which  the  charcoal  contain- 
ing the  strychnine  was  collected  and  drained. 

The  next  step  was  to  separate  the  strychnine  from  the  charcoal. 
This  was  readily  effected  by  boiling  the  mixture  for  half  an  hour  in 
eight  ounces  of  ordinary  spirits  of  wine,  avoiding  loss  of  alcohol  by 
evaporation.  The  spirits  wbicb  now  contained  the  strychnine  were 
next  filtered,  and  afterwards  submitted  to  distillation.  A  watery 
fluid  remained  behind,  holding  the  strychnine  in  solution,  but  not 
sufficiently  pure  for  the  test.  The  final  purification  was  accomplished 
by  adding  a  few  drops  of  potash  to  the  w^atery  fluid,  and  then  shaking 
it  with  an  ounce  of  ether.  A  portion  of  the  ethereal  solution  evapo- 
rated upon  a  watch-glass,  left  a  whitish  solid  mass  of  intense  bitter- 


ON  THE  ALLEGED  ADULTERATION  OF  PALE  ALES.      175 

ness,  and  this  was  recognised  to  be  stryclniine,  by  giving  the  violet 
tint  previously  described,  upon  the  application  to  it  of  sulphuric  acid 
and  chromate  of  potash. 

Having  satisfied  ourselves  by  repeated  experiments  with  samples 
of  beer  to  which  strychnine  had  been  previously  added,  of  the  never- 
failing  efficiency  of  the  above  method  of  extraction,  we  now  proceeded 
to  the  actual  examination  of  the  commercial  article.  With  this 
object,  a  series  of  samples  were  taken  indiscriminately  from  the  stores 
of  a  considerable  number  of  the  London  bottlers,  who  supply  the 
public  with  Allsopp's  pale  ale. 

It  may  be  stated,  that  with  the  exception  of  five  varieties,  the 
casks  from  which  these  samples  were  taken  had  all  been  received  in 
London  before  the  20th  of  March,  i.  e.,  the  period  when  the  possible 
use  of  strychnine  in  the  manufacture  of  bitter  beer  was  first  brought 
before  the  English  public. 

Not  one  of'  these  varieties  of  beer,  when  tested  with  the  greatest 
scrupulousness,  gave  the  slightest  evidence  of  the  presence  of  strych- 
nine. 

The  charge  of  adulteration  of  beer  by  sti-ychnine  has  been  proposed 
in  a  manner  so  vague,  that  it  is  difficult  to  fix  it,  and  try  its  validity. 
The  existence  of  the  adulteration  is  not  alleged  in  any  particular 
sample  of  beer,  nor  the  practice  ascribed  to  any  individual 
brewer  or  dealer.  An  English  journalist  adopts  the  charge,  upon 
the  report  that  such  an  opinion  is  entertained  and  expressed  by 
a  French  chemist  of  distinction,  M.  Payen,  in  his  public  lectures  at 
Paris.  From  this  gentleman  we  have  since  obtained  explanations 
which  define  more  closely  the  kind  of  charge  which  was  actually 
made  by  him.  The  late  M.  Pelletier,  the  well-known  manufacturer 
of  organic  products  in  France,  had  received  at  one  time  an  order  for 
an  extraordinary  quantity  of  strychnine,  of  which  the  destination  was 
at  first  unknown  to  him  ;  but  which  he  afterwards  learned  had  been 
entirely  exported  to  England,  and  used,  as  he  informed  M.  Payen, 
to  complete  the  bitter  of  certain  kinds  of  beer. 

We  have  reason  to  know,  although  it  is  not  stated  by  M.  Payen, 
that  these  remarks  of  Pelletier  refer  to  a  period  ten  or  twelve 
years  past ;  and  further,  although  not  informed  of  the  amount 
of  the  order,  we  have  good  authority  to  state  that  fifty  or  a 
hundred  oiniccs  would  have  been  considered  a  large  order  for  strych- 
nine at  that  time.  The  calculation  already  given,  shows  how  utterly 
insignificant  such  a  supply  of  strychnine  would  be  for  its  imagined 
application  in  the  pale  ale  breweries.  It  is  likewise  known  that 
the  manufacture  of  strychnine  has  not  been  on  the  increase  in  France 
of  late  years. 

M.  Payen  excuses  his  statements  on  the  ground  that  similar 
suspicions  are  conveyed  in  a  French  work,  on  "  Adulterations  and  Falsi- 
fications,"  by  Chcvallier,  jjublished  nearly  a  year  ago,  but  which 
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have  not  hitherto  received  any  formal  contradiction  in  England. 
Notwithstanding  the  latter  circumstance,  our  distinguished  corres- 
pondent concludes  by  expressing  his  regret  that  he  ever  said  "  that 
the  fraud  appeared  to  have  been  practised/'  although  he  had  added 
the  remark  at  the  time,  "  that  this  falsification  had  no  doubt  ceased/' 

It  thus  appears,  that  the  charge  which  has  been  put  into  the  mouth 
of  M.  Pay  en,  was  never  made  at  all  by  that  gentleman,  so  far  as  it 
applies  to  the  present  practice  of  English  brewers,  and  with  reference 
to  anterior  times,  that  the  charge  reposes  simply  and  exclusively  upon 
the  privately  expressed  opinion  of  a  deceased  chemist,  the  grounds 
of  which  are  entirely  unknown  to  the  world,  and  must  ever  remain 
so. 

In  conclusion,  it  is  scarcely  necessary  to  refer  to  the  sifting 
nature  of  the  chemical  examination  which  the  beers  of  Messrs. 
Allsopp's  manufacture  for  many  months  past,  have  been  subjected 
to,  and  which  establish  their  incontestable  purity.  Indeed,  no  one 
who  has  witnessed,  as  we  have  done,  the  open  manner  and  gigantic 
scale  in  which  the  operations  are  conducted  in  their  establishment, 
could  entertain  the  idea  for  a  moment,  that  any  practice  involving 
concealment  was  possible.  But  even  in  the  absence  of  all  such 
scrutiny,  the  idea  of  strychnine  being  mixed  with  beer  anywhere, 
or  in  any  circumstances,  involves  an  amount  of  improbability  which 
might  well  dispel  all  suspicion  on  the  subject. 

There  is  an  act  of  Henry  VII.,  w^iich  prohibits  the  adulteration 
of  ale  by  brimstone  or  hops.  The  place  of  the  hop  was  then  supplied 
by  sage,  horehound,  chamomile,  and  other  indigenous  bitter  plants. 
Since  that  period,  the  character  of  the  national  beverage  must  have 
undergone  a  silent  revolution,  for  all  varieties  of  beer,  both  pale  and 
brown,  now  owe  their  distinctive  properties  to  the  hops  which  are 
boiled  in  the  malt-infusion,  and  fermented  along  with  it,  as  completely 
as  wine  owes  its  peculiar  character  to  the  grape.  Substitute  any 
other  bitter  for  the  hop,  and  the  fermented  wort  would  no  longer  be 
recognised  as  beer. 

Were  mere  bitters  all  that  is  required,  it  would  be  easy  to  prove 
that  the  extract  of  quassia  would  supply  a  bitter  which  is  perfectly 
harmless  and  agreeable,  and  infinitely  less  expensive  than  strychnine. 

But  the  process  of  brewing  pale  ale  is  one  in  which  nothing  but 
water,  the  best  malt  and  hops,  of  the  first  quality  are  used,  and  is  an 
operation  of  the  greatest  delicacy  and  care,  which  would  be  entirely 
ruined  by  any  tampering  with  the  materials  employed.  Strychnine 
could  not  fail  to  be  rejected,  from  the  ungrateful,  metallic  character 
of  its  bitterness,  independent  of  all  objections  of  a  more  serious  kind. 
This  pecvdiarity  of  taste  is  also  calculated  to  betray  its  presence. 
Small,  too,  as  the  proportion  of  sti-ychnine  may  be,  which  is  necessary 
to  impart  the  degree  of  bitterness  of  pale  ale,  the  quantity  rises,  as 
has   been  seen,   to  a  poisonous  dose  in   half  a  gallon  of  the  fluid ; 
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and  as  this  poison  is  one  of  those  which  are  known  to  accumulate  in 
the  system,  its  poisonous  action  would  inevitably  follow,  in  occasional 
cases,  upon  the  consumption  of  much  smaller  portions  of  beer  when 
continued  for  many  days  without  intermission.  The  violent  tetanic 
symptoms  of  poisoning-  by  strychnine  are  also  such  as  could  scarcely 
fail  to  excite  suspicion  and  alarm.  Add  to  these  disadvantages,  the 
certainty  of  the  means  of  detecting  strychnine  in  beer  by  the  chemical 
tests  described  above,  which  any  medical  man  or  practical  chemist 
can  apply,  and  the  chance  of  the  use  of  so  dangerous  a  substance 
for  any  purpose  of  adulteration,  becomes  in  the  last  degree  impi'o- 
bable. 


On  the  Polarizing  Crystals  iiruduced  by  the  action  of  Iodine    on 
the  Snlyhate  of  Quinine.* 

By   Dr.   Herapatli. 

(abstracted    by    thk    author.) 

In  March  last.  Dr.  Herapath  announced  the  discovery  of  a  beauti- 
ful crystalline  compound,  possessing  the  optical  properties  of  the  tour- 
maline, and  even  in  a  superior  degree  to  this  mineral.  It  also,  at 
certain  angles  of  rotation,  would  act  as  selenite,  viz.,  depolarize  a  ray. 

This  remarkable  body  was  procured  in  the  following  way  : 

About  10  grains  of  di-sulphate  of  quinine  were  dissolved  in  half  a 
fluid  ounce  of  pure  acetic  acid,  and  gently  warmed;  a  spirituous 
solution  of  iodine  was  then  cautiously  added,  a  few  drops  at  a  time ; 
the  whole  again  gently  heated  to  dissolve  the  cinnamon-brown  preci- 
pitate first  produced,  and  the  mixture  set  aside  for  several  hours  to 
crystallize. 

AVhen  these  crystals  were  examined  by  reflected  light,  they  were 
found  to  possess  a  brilliant  emerald-green  colour,  siuiilar  to  murexide, 
or  the  fragments  of  the  elytra  of  cantharides;  but  by  transmitted 
light,  they  were  almost  colourless  and  transparent,  having  a  slightly 
olive-green  tint  only. 

The  forms  of  these  crystals  are  very  various  :  prismatic  plates, 
parallelopipeds,  rhomboidal  parallelograms,  and  hexagonal  plates  very 
])erfect ;  but  by  very  careful  manipulation  and  slow  crystallization,  the 
author  obtained  large  compound  ])lates  composed  of  many  flat 
])risms,  joined  edge  to  edge,  and  all  in  the  same  ])lane  ;  by  which  means 
he  was  enabled  to  produce  crystals  large  enough  to  furnish  his 
microscope  with  artificial  tourmalines,  and  to  perform  all  the  experi- 
ments usually  exhibited  by  the  polarizing  microscope. 

*  IMiil.  Mag.  and  I'hurm.  J.  [4],  111,  101. 
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Upon  submitting  this  substance  to  chemical  analysis,  he  dis- 
covered the  fact  of  its  being  a  compound  of  iodine,  sulphuric  acid,  and 
quinine ;  many  experiments  prove  that  all  these  constituents  are 
absolutely  essential  to  its  production,  and  the  removal  of  either  will 
destroy  the  compound. 

At  first  Dr.  Herapath  proposed  the  name  oi  iodide  of  disulphate 
of  quinine  ;  but  a  recent  quantitative  analysis  has  occasioned  a  change 
in  the  idea  of  its  constitution,  and  he  now  proposes  that  of  sulphate 
of  10  do -quinine. 

Similar  experiments  were  made  with  other  vegetable  substances, 
especially  alkaloids,  viz.,  quinidine  (/S-quinine),  cinchonine,  brucine, 
strychnine,  morphine,  and  salicine,  but  without  success. 

The  chemical  characters  of  this  salt  are  the  following : 

The  crystals  are  immediately  dissolved,  upon  heating  the  mother- 
liquid  to  180°  r.  (82|^  C),  but  recrystallize  on  cooling.  They  are 
dissolved  by  diluted  sulphuric  acid,  upon  exposure  to  air  on  a  plate 
of  glass.  Distilled  water  also  has  a  disintegrating  action  on  them. 
Alcohol,  boiling,  dissolves  them  readily.  They  partially  fall  again,  on 
cooling,  but  altered  in  form.  They  are  now  rosettes,  composed 
of  small  hexagonal  plates.  Ether  and  chloroform  have  no  action 
on  them.  Ammonia  destroys  them  directly.  They  become  opaque, 
and  orange-yellow,  the  iodine  and  sulphm-ic  acid  being  both  par- 
tially removed,  quinine  and  iodine  remaining  combined. 

The  primary  form  of  this  crystalline  substance  appears  to  be  the 
rhombic  prism. 

The  optical  properties  present  many  most  interesting  peculiarities, 
and  to  observe  them,  a  power  of  100  diameters  is  necessary. 

1.  When  two  crystals  are  crossed  at  right  angles,  the  space  where 
they  are  superimposed  is  as  dark  as  midnight,  or  slightly  brown, 
according  to  the  thickening  of  the  plates.     (Figs.  1,  2,  3,  4  and  6.) 


FIG.    ]. 


FIG.    2. 


2.  When  two  prisms  are  superposed,  but  perfectly  parallel  in  their 
long  diameters,   the  light  passes  through  unaltered.   (Figs.  2  and  3.) 

3.  When  they  cross  at  45°,  polarization  occurs,  but  not  so  intensely 
as  at  90°.     (Figs.  2  and  4.) 
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4.  There  is  a  perceptible  polarizing  effect  at  30°,  but  below  this 
angle  there  does  not  appear  to  be  any  effect  on  transmitted  light. 
(Fig.  2.) 

5.  When  three  crystals  are  examined  in  a  superposed  position  : 
two  of  these  being  at  right  angles,  and  therefore  at  the  maximum  of 
polarization,  the  third  placed  between  these  at  45° — the  phenomenon 
of  depolarization  is  produced.  The  interposed  crystal  permits  the 
light  to  pass  through,  and  at  the  same  time  communicates  to  it  the 
order  of  colour  equivalent  to  its  thickness,  in  the  same  manner  as  a 
plate  of  selenite  would  do,  if  introduced  between  two  tourmalines  at 
right  angles  to  each  other.     (Fig,  4.) 


FIG.    3 


FIG.  4. 


6.  Upon  examining  two  of  these  prisms  with  a  single  tourmaline, 
that  one  parallel  to  the  plane  of  the  analyser  allows  the  light  to 
pass  through.  But  the  crystal  which  is  at  right  angles  to  the  plane 
of  the  tourmaline  is  wholly  dark  ;  it  stops  the  ray  perfectly.     (Fig.  5.) 

7.  Three  crystals  arranged  in  the  following  way  are  examined 
by  a  single  tourmaline  above  the  eye-piece.  Let  the  inferior  crystal  be 
at  right  angles  to  the  tourmaline,  the  two  superior  crystals  crossing 
each  other  at  90°,  but  each  intersecting  the  inferior  at  45° ;  polariza- 
tion takes  place  between  the  inferior  crystal  and  the  tourmaline  ;  but 
the  two  intermediate  crystals  depolarize,  where  they  intersect  the 
inferior  crystal ;  polarize  where  they  cross  each  other  at  90°.    (Fig.  6.) 


FIG.    6. 


8.  Upon  exanuning  two   of  these  crystals,  crossing  each  other  at 
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90°  in  the  polarizing  microscope,  the  two  tourmalines  being-crossed  at 
90°,  of  course  the  field  will  be  dark  ;  and  if  the  crystals  coincide  with 
the  planes,  they  will  not  be  visible,  at  least  the  only  evidence  of  their 
existence  in  the  field  will  be  a  greater  intensity  in  the  darkness  ;  but 
upon  revolving  the  crystals  through  an  arc  of  45°,  they  directly 
depolarize  the  light,  and  of  course  permit  it  to  pass  through  the 
superior  tourmaline. 

9.  The  most  remarkable  effect  is  discovered  in  examining  this 
object  by  means  of  a  single  and  inferior  tourmaline,  with  a  selenite 
stage  placed  upon  it  (this  arrangement  occupies  the  stage  of  the 
microscope)  ;  on  placing  the  new  crystals  in  the  field,  we  observe  that 
all  those  which  are  parallel  to  the  plane  of  the  tourmaline  are  brilliant 
green,  all  those  at  right  angles  are  vivid  red  or  wine-colour — sup- 
posing the  stage  to  be  the  red  selenite.  Revolve  the  object  through 
45°,  and  they  become  both  slightly  olive- green. 


FIG.   7. 


FIG.    8. 


10.  Upon  replacing  the  red  selenite  by  a  film  exhibiting  the  blue 
tint,  then  that  crystal  which  is  at  right  angles  to  the  polarizing  plate 
of  tourmaline,  developes  the  blue  colour  of  the  stage,  whilst  that 
which  is  parallel  to  the  tourmaline,  exhibits  the  complementary 
yellow  (Fig.  7).  Upon  revolving  the  object  45°,  the  two  crystals 
become  nearly  of  a  neutral-tint.  If  these  crystals  are  superposed 
in  these  experiments,  the  space  where  they  cross  is  necessarily 
dark. 

11.  The  same  phenomena  are  exhibited  by  the  hexagon,  and  all 
other  forms  of  the  crystals. 

12.  The  single  tourmaline  and  the  selenite  stage  are  thus  ex- 
ceedingly delicate  tests  of  the  power  which  substances  possess  of 
polarizing  light ;  the  author  has,  by  its  means,  discovered  that 
many  substances  possess  the  power,  as  disulphate  of  quinidine 
(/3-quinine)  (Fig.  8) ;  this  is  much  more  intense  in  its  power  than 
the  disulphate  of  quinine,  and  has  been  used  as  a  means  of  discri- 
minating them. 

13.  The  next  experiment  to  which  the  new  crystals  were  submitted 
w^as  the  usual  arrangement  of  the  polarizing  microscope,  viz. :  tivo 
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tourmalines  at  90°^  and  the  selenite  stage  (pink) — of  course  the  whole 
field  of  the  microscope  is  pink  or  wine  coloured. 

Upon  introducing  the  object,  all  those  crystals  which  are  at  right 
angles  to  the  analyzing  or  superior  plate  of  tourmaline,  are  intensely 
dark  brown,  or  black,  according  to  their  thickness.  All  those  which 
are  parallel  to  the  same  tourmaline  allow  the  pink  colour  of  the  stage 
to  pass  through  them  ;  whilst  those  which  are  from  45°  to  225°, 
and  from  the  points  315°  to  135°,  are  green  or  yellowish;  they  are 
in  the  plane  of  depolarization,  and  add  their  crystalline  thickness  to 
the  selenite  stage.     (Fig.  9.) 


! 


14.  Upon  replacing  the  pink  stage  with  a  blue  plate,  the  whole 
field  will,  of  coui'se,  be  intensely  blue ;  introduce  the  object,  the 
crystals  at  right  angles  to  the  upper  tourmaline  will  polarize,  and 
produce  a  dark  brown  or  black  as  before.  Those  parallel  to  it  will 
allow  the  blue  colour  to  pass  through  them. 

The  two  crystals  (45°  to  225°)  and  (315  to  135°)  will  be  violet 
and  orange-yellow  respectively,  being  complementary  in  colour  to 
each  other. 

15.  Upon  revolving  the  superior  tourmaline  in  the  two  last 
experiments,  the  whole  appearance  changes ;  the  field  becomes  in  one 
case  green,  and  yellow  in  the  second  instance,  and  the  crystals  change 
colours  also ;  but  the  principles  involved  are  the  same  in  both 
experiments. 

IG.  Not  only  do  these  crystals  polarize  light  by  transmission,  but 
when  used  as  reflecting  surfaces,  they  also  alter  the  ray  and  reflect  a 
beam  polarized  in  one  plane  when  the  light  is  incident  upon  them  at 
an  angle  of  41°. 

17.  It  has  been  already  stated,  that  the  author  has  succeeded  in 
adapting  one  of  these  artificial  polarizing  crystals  to  the  stage  of  his 
microscope ;  it  is  sufficiently  large  to  give  an  uniform  tint  to  the 
whole  field,  and  covers  a  surface  ithof  an  inch  in  diameter.  This  will 
bear  magnifying  to  any  extent  ;  and  he  has  been  enabled  to  illuminate 
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a  field  of  11  inches  in  diameter  with  light  polarized  by  its  means. 
Since  this  period^  Dr.  Herapath  has  succeeded  in  making  one  large 
enough  to  surmount  the  eye-piece  of  his  instrument^  so  that  he  is 
now  perfectly  independent  of  the  tourmaline  and  NichoPs  prism  in 
all  his  experiments  on  polarized  light;  his  artificial  crystals  possess 
some  advantages  over  the  natural  tourmalines,  in  giving  much  more 
brilliant  colours  than  when  two  tourmalines  are  employed ;  and  as  an 
ocular  analyser,  it  is  superior  to  the  Nicholas  prism,  as  it  gives  a 
larger  field  when  properly  mounted, 

18.  When  the  sulphate  of  quinine  happens  to  crystallize  in  radiating 
prisms  beneath  the  large  compound  plates,  as  it  will  readily  do  if 
there  be  an  excess  in  the  mother  liquid,  a  splendid  object  is  obtained, 
not  to  be  equalled  by  any  known  combination.  Upon  placing  a 
selenite  stage  beneath  this  object,  the  plate  becomes  coloured  accord- 
ing to  the  thickness  of  the  stage,  and  the  angle  of  the  crystaPs 
rotation,  whilst  the  sulphate  of  quinine  exhibits  all  the  splendour 
of  the  rainbow.  The  analysing  plate  of  tourmaline  is  not  employed 
above  the  eye-piece. 

19.  Upon  submitting  these  artificial  plates  to  micrometrical 
measurement,  it  was  found  that  those  which  possessed  sufficient 
thickness  to  adhere  together  in  clusters,  and  to  raise  themselves 
upon  their  edges  so  as  to  exhibit  their  thickness,  were  none  of  them 
more  than  -j-,V-oth  of  an  inch,  many  of  them  -jj-^-oth  or  ttoiv^^  ^^  ^^ 
inch  ouly  ;  but  even  these  were  much  thicker  than  any  of  the  broad, 
thin  plates,  so  readily  broken,  some  of  which  were  successfully 
mounted;  these  could  not  have  been  more  than  -ff'^^^th  of  an 
inch ;  and  when  it  is  recollected,  that  tourmalines,  as  sold  for  optical 
purposes,  are  generally  from  -^^tli  to  Vo^th  of  an  inch,  it  is  at 
once  apparent  that  this  newly-discovered  salt  of  the  vegetable  alka- 
loid quinine,  is  the  most  powerful  substance  known  as  a  polarizing 
crystal. 

QUANTITATIVE    ANALYSIS, 

Having  previously  satisfied  himself  that  iodine,  sulphuric  acid  and 
quinine  entered  into  the  composition  of  the  crystals,  the  author 
undertook  the  quantitative  analysis  ;  but  before  attempting  this,  it 
was  of  course  necessary  to  invent  a  process  which  would  furnish  a 
large  quantity  of  this  substance  at  one  operation.  After  several 
attempts,  with  more  or  less  success,  the  following  method  was  adopted, 
which,  at  the  same  time,  served  as  a  means  of  corroborating  the 
results  of  the  future  analysis,  as  it  enabled  the  experimenter  to 
account  for  all  the  iodine  used  in  the  operation, 

A  tubulated  retort  was  adapted  to  a  receiver  by  careful  connec- 
tions, and  the  latter  adjusted  to  a  second  receiver,  somewhat  in  the 
manner  of  a  Wolff's  apparatus  ;  the  condensers  were  then  surrounded 
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by  a  freezing  mixture  of  nitrate  of  potash  and  chloride  of  am- 
monium. 

Into  the  retort  were  placed  100  grains  of  pure  disulphate  of 
quinine,  with  three  fluid  ounces  of  acetic  acid;  two  drachms  of 
diluted  sulphuric  acid  (containing  about  twelve  grains  of  dry  acid). 
When  this  mixture  had  been  raised  to  110°  Fahr.  (43^°  C),  the 
alcoholic  solution  of  iodine  was  gradually  added  through  a  bent  glass 
funnel  adapted  to  the  tubule  of  the  retort.  In  this  manner  thirty 
grains  of  iodine,  dissolved  in  1150  grains  of  alcohol  were  employed. 
The  whole  operation  occupied  about  half  an  hour,  during  which  period  a 
reddish-brown  coloured  fluid  distilled  and  collected  in  the  receivers — 
about  four  fluid  drachms  in  quantity.  This  of  course  was  carefully 
set  aside  for  examination.  The  whole  was  allowed  to  become  cold, 
still  in  connection  ;  an  abundant  crop  of  crystals  formed  in  the  retort, 
which,  having  been  kept  during  twenty-four  hours  at  a  temperature 
of  40°  Fahr.  (4^°  C.)  to  deposit,  were  collected  on  a  filter,  and  washed 
several  times  with  acetic  acid  at  40°  Fahr.,  which  had  been  pre- 
viously found  to  have  little  solvent  power  on  this  compound  at  that 
temperature.  The  crystals  having  been  well  washed,  were  dissolved 
in  boiling  alcohol,  sp.  gr.  0838,  and,  on  cooling,  they  recrystallized ; 
this  operation  being  repeated,  they  were  at  length  obtained  pure 
from  any  admixture  of  disulphate  of  quinine.  Having  been  drained 
on  a  filter  and  washed  with  cold  spirit,  they  were  dried  at  90°  Fahr,, 
(32|^°  C.)  and  subsequently  over  sulphuric  acid  and  weighed.  By  this 
operation  66-6  grains  were  obtained. 

The  acid  mother-liquid,  together  with  the  first  washings,  was  then 
exammed  for  iodine.  Upon  allowing  a  few  drops  to  evaporate  spon- 
taneously on  a  slip  of  glass,  polarizing  crystals  formed  around  the 
edge  of  the  liquid  ;  consequently  the  compound  is  slightly  soluble 
in  cold  acetic  acid  and  spirit.  The  acetic  acid  having  been  nearly 
neutralized  by  ammonia,  nitrate  of  silv'er  was  dropped  into  the  solu- 
tion as  long  as  any  iodide  of  silver  was  deposited.  This  was  then 
carefully  collected  on  a  filter;  washed  repeatedly  with  distilled  water; 
then  with  anmionia  to  remove  any  chloride ;  again  with  distilled  water ; 
then  dried,  ignited,  and  weighed;  it  gave  2  00  grains  =  iodine  1 '08 
grains. 

The  alcoholic  mother-liquids  and  washings  were  then  examined 
for  iodine ;  crystals  were  similarly  obtained  upon  spontaneous 
evaporation.  In  order  to  precipitate  the  iodine,  a  solution  of 
silver  was  used,  and  droj)ped  into  the  fluid  as  long  as  any  cloudi- 
ness was  produced;  the  whole  thrown  on  a  filter;  and  the  pre- 
cipitated iodide  of  silver  washed  with  diluted  nitric  acid  to  remove 
any  quinine,  subsequently  with  ammonia  to  take  up  any  chloride,  and 
then  again  with  distilled  water.  Dried,  ignited,  and  weighed,  it  gave 
3T)3  grains=l'9al  grains  of  iodine. 

It  now  remained  to  examine  the  distilled  liquids  for   iodine;  as  it 
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existed  in  these  in  the  free  state,  dissolved  in  alcohol,  they  were 
mixed  together  and  a  little  water  added,  and  placed  in  a  counterpoised 
flask  with  metallic  zinc.  After  prolonged  digestion,  the  iodine  was 
converted  into  iodide  of  zinc ;  the  fluids  were  then  distilled  off"  and 
the  iodide  of  zinc  dried  at  100°  C.  and  weighed;  it  gave  3"35  grains  = 
2*6715  grains  of  iodine. 

Now  if  any  substitution-compound  had  been  formed  by  the  action 
of  the  iodine  on  the  quinine,  it  was  probable  that  hydriodic  ether 
would  have  been  produced ;  if  so,  it  would  be  found  in  the  distilled 
fluid.  This  was  carefully  examined  for  this  substance,  but  none 
detected  ;  subsequent  experiments  showed  that  none  could  have  been 
produced,  or  if  any,  so  small  in  quantity  that  its  presence  would  be 
immaterial ;  for  all  the  iodine  used,  with  the  exception  of  2*56  grains, 
can  be  accounted  for  thus  : 

21*7375  grains  iodine  in  the  66"6  grains  of  crystals.     (Calculated 
at  32*63  per  cent.,  as  found  subsequently.) 
1-0800       „       iodine  in  the  acetic  mother-liquid  (crystals). 
1*9510       „       iodine  in  the  alcoholic  mother-liquid  (ditto). 
2*6715       „       iodine  in  the  distilled  fluid  as  free. 


27-4400 


2*56  grains  iodine  lost.  This  was  lost  in  drying  the  crystals 
by  expression  between  folds  of  bibulous  paper. 

Had  a  substitution- com  pound  been  formed,  one-half  of  the  iodine 
should  have  formed  hydriodic  acid;  the  other  half  should  have  been 
in  the  crystalline  compound,  as  the  substitution-base ;  therefore,  it  is 
evident  that  no  such  substitution-base  can  be  the  result. 

One  other  question  arises — Does  the  iodine  exist  in  the  green 
crystals  as  hydriodic  acid  ? 

Some  of  the  crystals  were  dissolved  in  diluted  alcohol  (boiling) 
and  starch  added  to  the  liquid  still  warm ;  instantly  an  abundant 
precipitation  of  the  blue  iodide  of  amidine  occurred  ;  starch  was 
added  in  excess,  and  until  no  further  indications  of  iodine  were 
evident ;  the  colourless  fluid  was  then  separated  by  decantation,  and 
tested  with  nitrate  of  silver :  not  the  least  trace  of  hydriodic  acid,  or 
any  soluble  iodide  was  apparent.  Similar  results  were  obtained  when 
the  crystals  were  dissolved  in  hot  acetic  acid  and  tested  with  starch. 
It  is  evident,  therefore,  that  no  hydriodic  acid  is  present  in  the 
crystals ;  and  consequently,  that  the  iodine  cannot  exist  in  the  com- 
pound as  a  substitution-base,  or  even  as  hydriodic  acid. 

The  iodine  separating  so  readily  in  the  free  state,  upon  dissolving 
the  crystals  in  alcohol,  or  in  acetic  acid,  rendered  it  a  somewhat 
difficult  matter  to  estimate  it  correctly  :  starch  was  first  used  as  the 
precipitant :  the  resulting  iodide  of  amidine  decomposed  by  sul- 
phuretted  hydrogen,   the    hydriodic    acid  produced,  neutralized  by 
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ammonia,  this  precipitated  by  nitrate  of  silver,  and  the  resultant 
iodide  of  silver  estimated ;  but  accuracy  was  far  from  being  obtained 
by  this  method,  in  consequence  of  iodine  subliming  during  the 
solution  of  the  crystals. 

(a)  At  length  it  was  found  that  by  passing  a  current  of  washed 
and  pure  sulphuretted  hydrogen  through  acetic  acid,  in  which  a 
known  quantity  of  crystals  had  been  placed,  and  applying  heat  to 
the  mixture  as  soon  as  the  gas  began  to  be  evolved,  the  iodine 
was  converted  into  hydriodic  acid  as  soon  as  it  was  liberated  from 
the  crystals.  The  decomposition  being  perfect,  and  the  operation 
finished,  the  excess  of  sulphuretted  hydrogen  was  expelled  by 
boiling,  testing  with  acetate-of-lead-paper  from  time  to  time  during 
this  part  of  the  process  ;  the  precipitated  sulphur  removed  by  filtering, 
and  well  washed  with  distilled  water;  ammonia  added  to  the  filtrate 
nearly  to  neutralization,  but  short  of  precipitating  the  quinine ;  the 
solution  boiled,  and  the  iodine  precipitated  by  nitrate  of  silver ;  the 
precipitate  collected  on  a  filter,  washed  with  distilled  water,  then  with 
dihited  nitric  acid  (to  remove  any  quinine  which  falls  with  iodide  of 
silver  even  from  an  acid  solution),  and  lastly,  dried  and  fused  by 
ignition  in  a  platinum  capsule.  Twenty-five  grains  of  crystals  gave 
by  this  method  15  14  grains  of  iodide  of  silver  =  8-1523  grains  of 
iodine  =  32'6092  per  cent. 

(yS)  The  solution,  after  the  separation  of  iodine,  was  then,  together 
with  the  washings,  treated  with  acetate  of  baryta,  until  no  further 
deposition  of  sulphate  occurred  ;  it  was  boiled  to  hasten  the  sepa- 
ration, filtered,  washed,  dried,  and  ignited;  it  weighed  7' 76  grains  = 
2*653  SO3  =  10'612  per  cent  of  sulphuric  acid. 

(y)  The  liquid,  after  the  separation  of  iodine  and  the  sidphuric 
acid,  was  then  acted  on,  first  by  sulphate  of  ammonia  to  remove  excess 
of  baryta,  then  with  hydrochlorate  of  ammonia  to  remove  the  excess 
of  silver. 

(8).  To  this  fluid,  concentrated  by  evaporation  to  about  three  fluid 
ounces,  ammonia  was  added  in  excess  ;  an  immediate  deposition  of 
the  alkaloid  was  the  consequence.  Ether  was  now  added  in  suflicient 
quantity  to  dissolve  the  alkaloid ;  the  supernatant  ethereal  fluid  was 
decanted  into  a  counterpoised  flask,  the  operation  being  repeated  as 
often  as  necessary  ;  the  mixed  etherciil  fluids  distilled ;  and  the  i^si- 
duary  alkaloid  dried  at  100°  C. :  it  gave  7'533  grains. 

(e).  The  aqueous  and  anniioniacal  solution,  upon  evaporation  to  dry- 
ness in  a  water-bath,  and  again  treating  the  residue  with  ether  as 
long  as  necessary,  and  distilling  as  before,  furnished  a  second  quantity 
of  the  alkaloid,  which,  dried  at  100^  C.  as  before,  weighed  3-14  grains. 

Then  7-533  + 3-14=  10673  alkaloid  equal  to  42-692  per  cent. 

This  analysis,  therefore,  accounts  for — 
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Iodine 33-0092 

Sulphuric  acid 10-6120 

Alkaloid 42-6920 

85-9132 

The  loss 14-0868,    was  possibly 

water  of  crystallization ;  but  it  now  became  necessary  to  perform 
an  analysis  to  make  this  point  certain.  After  several  attempts,  the 
following  process  was  adopted,  and  furnished  correct  results. 

Having  arranged  an  apparatus  for  preparing  a  current  of  dry 
hydrogen  gas,  the  stream  was  passed  through  a  flask  containing  iron 
filings.  These  were  then  heated  red-hot ;  the  oxide  of  iron  was 
reduced  to  the  metallic  state.  AVhen  the  gas  issuing  from  the  exit- 
tube  of  the  apparatus  burnt  with  a  steady  yellow  flame,  the  operation 
was  discontinued — at  least  the  spirit-lamp  was  removed — and  the 
iron  allowed  to  cool,  still  in  an  atmosphei-e  of  dry  hydrogen  gas, 
and  when  cold,  removed  and  well  secured  in  a  small  stoppei*ed 
bottle. 

To  the  same  apparatus  for  generating  the  dry  hydrogen,  was 
adapted  a  counterpoised  test-tube  {a),  and  to  the  exit-pipe  from  this 
was  connected  a  tube  {b)  containing  chloride  of  calcium,  this  tube 
with  its  contents  being  also  accurately  counterpoised. 

Into  the  tube  {a)  was  placed  a  mixture  of  10-2  grs.  of  the  crystals 
(previously  dried  at  100°  C.)  rubbed  up  in  a  mortar  with  50  grains  of 
the  purified  iron-filings;  the  mortar  was  wiped  out  carefully  with 
twenty  grains  of  the  same  iron,  and  this  also  inserted  into  the  tube 
carefully ;  a  layer  of  pure  iron-filings  was  placed  over  the  whole,  and 
the  tube  with  its  contents  and  fittings  accurately  counterpoised. 

This  part  of  the  apparatus  was  then  placed  in  a  flask  containing  a 
solution  of  chloride  of  zinc,  destined  to  act  as  a  bath.  The  whole 
apparatus  having  been  satisfactorily  adjusted,  heat  was  now  applied  to 
the  bath,  and  gradually  raised  until  the  chloride  of  zinc  ceased  to 
give  off  any  water,  and  of  course  fused.  This  must  have  been  about 
420°  Fah.  (215°  C),  or  more. 

In  this  operation,  the  crystals  were  decomposed ;  the  iron  seized  the 
iodine  as  fast  as  it  was  liberated ;  the  quinine  retained  the  sulphuric 
acid;  and  the  current  of  dry  hydrogen  gas  carried  ofi"the  aqueous  vapour 
to  the  chloride  of  calcium  tube,  where  it  was  retained.  The  increase 
in  weight  vras  1-44  grains;  thus,  as  10-2:1-44=100:14-1764 
grains  of  water  per  cent. 

This  method  was  also  adopted  as  a  means  of  estimating  the  iodine; 
but  for  this  purpose,  the  chloride  of  zinc  bath  was  not  employed,  as 
a  more  perfect  decomposition  M'as  then  necessary.  The  mass  in  the 
test-tube  (a)  was  lixiviated  repeatedly,  as  long  as  any  iodide  of  iron 

J  dissolved ;  this  was  at  once  filtered  into  a  solution  of  nitrate  of 
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silver,  iron  filings  being  kept  in  the  filter  to  avoid  decomposition. 
The  filter  was  repeatedly  washed  with  boiling  distilled  water,  and  of 
course  the  washings  were  added  to  the  previous  liquid.  The  resulting 
mixture  of  iodide  of  silver  and  the  oxides  of  iron  was  thrown  on  a 
filter,  and  washed  with  hot  diluted  hydrochloric  acid  as  long  as  any 
iron  was  removed;  then  with  ammonia  to  remove  any  chloride;  and 
afterwards  again  with  distilled  water ;  and  lastly  dried,  ignited,  and 
weighed:  it  gave  6'00  grains  =  iodine  3'1453  and  31'453  gr. 
per  cent,  a  result  corresponding  very  closely  with  that  previously 
obtained. 

A  second  analysis  specially  directed  to  the  estimation  of  the 
sulphuric  acid,  gave  10"844  per  cent  as  the  result.  Therefore  we 
now  have  : 


(a) 

(/3j 

Calculated. 

Iodine 

.  32-6092 

31-453 

124 

32-6300  . 

.  1  at. 

Sulphuric  acid 

.  10-6120 

10-814 

40 

10-5200  . 

.  1  at. 

Alkaloid    ,     . 

.  42-6920 

— 

162 

42.6300  . 

.  1  at. 

Water  .     .     . 

.  14-1764 

54 

14-2152  . 

.  6  at. 

100-0896 

380 

99-9952 

These  results  correspond  closely  with  the  formula 

(C20  H12  NO3  + 1)  +  SO3  +  6  HO  ; 

and  as  it  has  been  previously  proved  that  the  base  is  not  a  substitu- 
tion-compound, it  only  remains  to  consider  it  a  salt  in  which  iodine 
is  super-added  to  the  base  quinine  without  interfering  with  its  basic 
])r()perties,  however  much  it  might  alter  its  chemical  characters. 

Experiments  have  been  instituted  to  produce  this  iodo-quinine  in 
an  isolated  state,  but  hitherto  without  success;  the  nearest  approach 
hitherto  made,  is  by  the  action  of  ammonia  at  60°  Fah.  (15-}°  C.),  by 
carefully  triturating  the  polarizing  crystals  in  the  strongest  liquor 
ammonitC  during  half  an  hour ;  separating  on  a  filter ;  washing  with  cold 
distilled  water ;  and  carefully  drying  the  reddish-yellow  mass  produced. 
This  contained  iicarly  all  the  iodine  and  quinine ;  but  the  ammoniacal 
solution  contained  sulphate  of  ammonia,  with  some  of  the  resinous 
compound  dissolved  in  it,  together  with  about  ll'O  per  cent  of 
hydriodate  of  ammonia.  The  action  of  iodine  on  the  acetate  of 
quinine  has  also  been  tried,  and  the  iodo-quinine  has  been  produced ; 
but  it  docs  not  act  as  a  base  should  do,  namely,  dissolve  in  acids  at 
once  without  decomposition. 

The  resinous  mass  was  treated  with  diluted  sulphuric  acid,  in  order 
to  reproduce  the  j)olarizing  crystals  ;  they  certainly  were  formed,  but 
not  in  a  satisfactory  manner;  some  other  ooinpouiuls  were  also 
produced,  the  formation  of  wliich  cannot  be  accounted  for  in  the 
present  state  of  the  question.     The  alkaloid  separated  by  the  pre- 
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viously  detailed  analysis  was  examined ;  from  it  was  first  made  the 
disulphate ;  this  differed  materially  from  disulphate  of  quinine,  both 
in  its  crystalline  form  and  its  solubility.  It  would  dissolve  in  about 
three  times  its  weight  of  water,  at  100°  C,  crystallizing  in  radiating 
plumose  tufts,  very  similar  to  acetate  of  morphine  in  appearance. 
From  this  disulphate  were  reproduced  the  polarizing  crystals  very 
readily  upon  submitting  it  to  the  same  operation  as  was  originally 
used,  namely,  solution  in  acetic  acid,  and  adding  a  spirituous  solution  of 
iodine  to  the  heated  fluid ;  on  cooling,  the  green  crystals  were  deposited, 
having  their  original  extraordinary  properties.  The  disulphate  of  the 
alkaloid  differed  as  much  in  its  optical  as  in  its  chemical  characters 
from  quinine ;  assimilating  itself  in  the  former  to  the  disulphate 
of  quinidiue  (/3-quinine) ;  whereas  the  pure  alkaloid  much  more 
resembled  quinine  in  its  chemical  characters,  as  it  is  soluble  both  in 
alcohol  and  ether,  but  crystallizes  from  neither  with  facility.  Some 
slight  appearance  of  crystallization  is  obtained  by  exposing  an 
alcoholic  solution  to  spontaneous  evaporation  in  a  test-tube ;  around 
the  edge  of  the  liquid,  a  thin  radiating  plumose  crop  is  produced, 
more  distinctly  acicular  than  the  disulphate.  It  is,  therefore,  not 
quinidine  (/3.quinine),  but  is  probably  similar  to  that  variety  of  quinine 
recently  called  y-quinine  by  J.  Van  lieijningen,*  a  monohydrate 
of  the  organic  compound  C20  Hj2  N  Oo,  of  which  a-quinine  is  the 
tri-hydrate,  and  /3-quiuine  or  quinidine  the  bi-hydrate. 

However,  further  researches  are  necessary  to  establish  this  point ; 
for  the  present  we  are  justified,  from  the  reproduction  of  the  polarizing 
crystals  from  the  alkaloid  separated  from  the  green  polarizing  com- 
pound by  analysis,  in  considering  that  the  alkaloid  quinine  enters 
into  the  composition  of  the  crystals, — in  the  character  of  an  iodo- 
base, — not  a  substitution-base,  as  has  been  already  shown,  but  a 
compound  analogous  in  its  constitution  to  iodo-codeine,  dicyano- 
codeine,  cyaniline,  cyano-toluidine,  and  cyano-cumidine,  all  of  which 
are  compounds  not  belonging  to  the  series  of  substitution-products. 
This,  if  correct,  is  a  remarkable  circumstance,  and  M^orthy  of  verifica- 
tion by  a  more  elaborate  investigation. 

*  Pharm.  J.  January,  1850. 


DR.  ANDREWS  OX  A  MODE  OF  OBTAINING  A  PERFECT  VACUUM.        189 


On  a  3Iethoil  of  obtaining  a  perfect  yacunm  in  the  Receiyer  of  an 

Air-puuii). 
ny   Thomas    Andrews,  M.D.,  F.R.S.,  M.R.I.A.* 

The  space  left  vacant  in  the  upper  part  of  a  long  glass  tube,  which, 
after  being  filled  with  mercury,  is  inverted  in  a  basin  of  the  same 
metal,  affords  the  nearest  approach  to  a  perfect  vacuum  which  has 
hitherto  been  obtained.  It  is  true  that  it  contains  a  little  mercurial 
vapour  at  the  ordinary  temperature  of  our  summers,  and  probably 
also  at  lower  temperatures  ;  but  the  quantity  is  exceedingly  small, 
and  its  influence  in  depressing  the  barometric  column  must  be 
altogether  inappreciable.  Besides  the  mercurial  vapour,  a  trace  of  air 
may  generally  be  detected,  even  in  tubes  which  have  been  carefully 
filled,  and  in  which  the  air  interposed  between  the  glass  and  mercury 
has  been  expelled  by  ebullition.  This  is  best  observed  by  inclining 
the  tube  till  the  mercury  comes  into  contact  with  the  upper  end,  when 
any  air  that  may  have  been  diffused  through  the  vacuum  will  be  seen 
collected  in  a  small  bubble,  but  greatly  rarefied.  It  is  easy  to  calcu- 
late approximately  the  depression  of  tlie  mercurial  column  produced 
by  this  residual  air.  For  this  purpose,  the  tube  must  be  inclined  till 
the  bubble  is  exposed  to  a  pressure  of  a  few  inches  of  mercury, 
measured  in  a  vertical  direction.  In  this  position  its  apparent 
diameter  is  measured,  as  also  the  pressure  to  which  it  is  exposed. 
For  the  object  in  view,  the  volume  of  the  bubble  may  be  calculated  on 
the  assumption  that  it  is  a  sphere.  The  space  occupied  by  the 
vacuum  must  also  be  estimated ;  and  with  these  data,  the  depression 
of  the  mercurial  coluum  may  easily  be  calculated. 

Let  V  be  the  volume  of  the  space  above  the  mercury  when  the  tube 
is  vertical ; 
p,  the  pressure  undei*  which  the  diameter  of  the  bubble  of  air 

has  been  measured ; 
r,  the  semidiameter  of  the  bubble; 
X,  the  depression  of  the  mercurial  column. 


Then 


4^       1 
3      ^  V 


If  the  diameter  of  the  bubble,  2r,  be  0*02  nich,  the  pressure  p,  2 
inches,  and  the   space  V,  1"2  cubic  inch,   the  value  of  x  is  nearly 

*  Phil.  Mag.  [-1],  111,  104. 
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O-OOOOl  inch  ;  or  the  depression  of  the  mercury,  in  consequence  of 
the  vacuum  not  being  absolutely  perfect,  amounts  only  to  i~  of 
an  inch.  It  is  easy  in  actual  practice  to  realize  this  close  approxima- 
tion to  a  perfect  vacuum.  The  quantities  now  stated  apply,  in  fact, 
to  a  barometric  tube  employed  in  an  experiment  which  will  be  subse- 
quently described. 

The  Torricellian  vacuum  leaves  therefore  scarcely  anything  to  be 
desired  in  point  of  completeness;  but  it  is  unfortunately  applicable  to 
very  few  physical  investigations.  No  instrument  of  any  kind  can  be 
introduced  into  it,  nor  even  any  substance  which  is  acted  on  by 
mercury.  The  vacuum  obtained  by  the  exhausting  pump  is  not  liable 
to  these  objections  ;  but  even  with  machines  of  the  most  perfect  con- 
struction, and  in  the  best  order,  only  a  very  imperfect  approach  can  be 
attained  to  a  complete  exhaustion.  A  good  ordinary  pump  with  silk 
valves  seldom  produces  an  exhaustion  of  0*2  inch  ;  and  it  is  very  rare 
indeed,  if  the  manometer  is  properly  constructed,  to  have  it  carried  to 
O'l  inch.  In  his  "Etudes  Hygi'ometriques,"*  M.  Regnault  has 
given  the  following  method  for  pushing  the  exhaustion  further  after 
the  valves  have  ceased  to  act.  In  a  large  glass  globe  of  from  20  to 
25  litres  capacity  (4^  to  5^  English  gallons),  he  places  an  hermetically 
sealed  capsule  of  glass  containing  from  40  to  50  grms.  of  sulphuric 
acid.  He  also  introduces  into  the  globe  2  or  3  grms.  of  water,  and 
exhausts  till  the  water  has  entirely  disappeared  and  the  machine 
ceases  to  act.  By  agitating  the  globe,  the  capsule  is  ruptured;  and 
the  sulphuric  acid  coming  into  contact  with  the  vapour  of  water, 
which  has  displaced  nearly  all  the  residual  air  in  the  receiver, 
condenses  it  and  leaves  a  vacuum  nearly  perfect.  This  globe  thus 
exhausted  is  next  placed  in  communication  with  the  apparatus  in 
which  a  very  perfect  vacuum  is  desired,  taking  care  to  remove  the  air 
from  the  interior  of  the  connecting  tubes.  On  opening  the  stop- 
cocks, the  air  becomes  uniformly  diffused  through  the  two  spaces ;  and 
if  the  capacity  of  the  globe  is  considerable,  compared  with  that  of  the 
other  vessel,  the  elastic  force  of  the  air  may  be  reduced  to  a  small 
fraction  of  a  millimetre.  If,  on  the  contrary,  the  capacity  of  the  latter 
is  considerable,  this  operation  must  be  repeated  several  times. 

This  ingenious  process  is  not  adapted  to  give  a  very  perfect  vacuum 
in  the  second  vessel,  unless  the  operation  be  repeated  several  times, 
which  would  be  exceedingly  laborious.  It  is  also  liable  to  other 
difficulties  in  the  execution,  which  will  at  once  occur  to  any  one 
accustomed  to  experiments  of  this  kind.  Besides,  it  does  not  afford 
the  means  of  obtaining  a  vacuum,  which,  as  far  as  the  indications  of  a 
mercurial  manometer  can  be  observed,  is  perfect;  as  in  JM.  Reg- 
nault's  observations,  the  elastic  force  of  the  air  was  still  capable  of 

*  Ann.  Ch.  Phys.  [3],  XV,  190. 
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measurement,  although  only  amounting  to  a  small  fraction  of  a 
millimetre. 

B)'^  using  the  necessary  precautions,  a  vacuum  may  be  obtained  by 
the  following  process,  with  very  little  trouble,  in  the  ordinary  receiver 
of  an  air-pump,  so  perfect  that  the  residual  air  exerts  no  appreciable 
elastic  force.  Even  after  this  limit  has  been  reached,  the  exhaustion 
may  be  pushed  still  further,  till  it  must  become  at  last  not  less 
complete  than  the  Torricellian  vacuum ;  while  at  the  same  time,  by 
suppressing  the  manometer,  the  existence  of  mercurial  vapour  may  be 
altogether  prevented.  The  manipulations  required  to  arrive  at  this 
result  will  not  interfere  with  the  presence  of  the  most  delicate  instru- 
ments in  the  receiver. 

Into  the  receiver  of  an  ordinary  air-pump,  which  is  not  required  to 
exhaust  further  than  to  0"3  inch,  or  even  0*5  inch,  but  which  must 
retain  the  exhaustion  perfectly  for  any  length  of  time,  two  open 
vessels  are  introduced,  one  of  which  may  be  conveniently  placed  above 
the  other ;  the  lower  vessel  containing  concentrated  sulphuric  acid, 
the  upper  a  thin  layer  of  a  solution  of  caustic  potash,  which  has  been 
recently  concentrated  by  ebullition.  The  precise  quantities  of  these 
liquids  is  not  a  matter  of  importance,  provided  they  are  so  adjusted 
that  the  acid  is  capable  of  desiccating  completely  the  potash  solution 
without  becoming  itself  notably  diminished  in  strength,  but  at  the 
same  time  does  not  expose  so  large  a  surface,  as  to  convert  the  potash 
into  a  dry  mass  in  less  than  five  or  six  hours  at  the  least.  The  pump 
is  in  the  first  place  worked,  till  the  air  in  the  receiver  has  an  elastic 
force  of  0"3  or  0  4>  inch,  and  the  stop-cock  below  the  plate  is  then 
closed.  A  communication  is  now  established  between  the  tube  for 
admitting  air  below  the  valves  and  a  gas-holder  containing  carbonic 
acid,  which  has  been  carefully  prepared  so  as  to  exclude  the  presence 
of  atmospheric  air.  After  all  the  air  has  been  completely  removed 
from  the  connecting  tubes  by  alternately  exhausting  and  admitting 
carbonic  acid,  the  stop-cock  below  the  plate  is  opened  and  the 
carbonic  acid  allowed  to  pass  into  the  receiver.  The  exhaustion  is 
again  quickly  performed  to  about  the  extent  of  half  an  inch  or  less. 
If  a  very  perfect  vacuum  is  desired,  this  operation  may  be  again 
repeated ;  and  if  extreme  accuracy  is  required,  it  may  be  performed  a 
third  time.  It  is  not  likely  that  anything  would  be  gained  by  carrying 
the  process  further.  On  leaving  the  apparatus  to  itself,  the  carbonic 
acid  which  has  displaced  the  residual  air  is  absorbed  by  the  alkaline 
solution,  and  the  aqueous  vapour  is  afterwards  removed  by  the 
sulphuric  acid.  The  vacuum  thus  obtained  is  so  perfect,  that  even 
after  two  operations  it  exercises  no  appreciable  tension. 

To  give  a  clear  conception  of  the  progress  of  the  absorption,  I  will 
describe  in  detail  one  observation  in  which  the  tension  was  measured 
simultaneously  by  a  good  syphon-gauge  and  by  a  manometer,  formed 
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of  a  barometric  tube  0'5  inch  in  diameter,  inverted  in  the  same 
reservoir  of  mercury  as  a  similar  tube  communicating  with  the 
interior  of  the  receiver.  The  barometer  had  been  carefully  filled,  and 
the  depression  of  the  mercury  estimated  by  the  method  already 
described  at  less  than  ^^„  of  an  inch. 

Previous  to  the  admission  of  the  carbonic  acid,  the  exhaustion  was 
carried  only  to  0'4  inch  ;  it  was  again  carried  to  1  inch ;  and  a  third 
time  to  0*5  inch,  after  whicli  the  apparatus  was  left  to  itself.  The 
manometer  indicated  a  pressure  in — 

15' of  0-25  inch. 
30'  „  017     „ 
80'  „  0-10     „ 
200'  „  002     „ 

In  twelve  hours  the  difference  of  level  was  just  perceptible,  when  a 
perfectly  level  surface  was  brought  down  behind  the  tubes  till  the 
light  was  just  excluded.  In  thirty-six  hours  not  the  slightest  differ- 
ence of  level  could  be  detected.  The  vacuum  has  remained  without 
the  slightest  change  for  fourteen  days. 

It  is  evident  that  the  only  limit  to  the  completeness  of  the  vacuum 
obtained  by  this  process,  arises  from  the  difficulty  of  preparing 
carbonic  acid  gas  perfectly  free  from  air.  This  may  be  very  nearly 
overcome  by  adopting  precautions  which  are  well  known  to  practical 
chemists.  When  an  extreme  exhaustion  is  required,  the  gas-holder 
should  be  filled  with  recently  boiled  water,  and  the  first  portions  of 
carbonic  acid  that  are  collected  in  it  should  be  allowed  to  escape. 

The  substitution  of  phosphoric  for  sulphuric  acid  would  remove  the 
possibility  of  either  aqueous  or  acid  vapours  being  present  even  in  the 
smallest  amount,  but  such  a  refinement  will  rarely  be  found  necessary. 

In  the  experiment  just  described,  the  theoretical  residue  of  air 
would  be  j^  part  of  the  entire  quantity  in  the  receiver,  which 
would  cause  a  depression  of  ^  of  an  inch.  This  result  must  have 
been  nearly  realized.  If  the  exhaustion  had  been  carried  at  each 
time  to  0"2  inch,  the  residue  by  theory  would  have  been  only  3;^^ 
part.  But  the  experimental  results  will  not  continue  to  keep  pace 
with  such  small  magnitudes. 
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XVI. — Note  on  the  existence  of  Strontia    in   the    Well-Waters   of 

Bristol. 

By   Messrs.   William    Herapath    and    Thornton 
J.    Herapath. 

Our  attention  was  first  directed  to  this  subject^  in  consequence  of 
the  discovery  of  a  small  quantity  of  sulphate  of  strontia  in  the 
deposit  or  crust  which  had  formed  in  the  interior  of  a  pipe  in  con- 
nection with  the  hot  baths  at  our  Royal  Infirmary.  We  subse- 
quently found,  that  this  compound  was  also  contained  in  very 
minute  proportion  in  the  water  with  which  this  institution  was 
supplied.  Having  been  much  occupied  lately  in  examining  the  well- 
waters  from  different  parts  of  the  city  and  its  suburbs,  we  have 
succeeded  in  assuring  ourselves  that  the  above  is  not  an  isolated  case, 
and  that  sulphate  of  strontia  occurs  to  a  greater  or  smaller  extent  in 
the  waters  from  most  parts  of  the  city,  particularly  in  those  from 
the  neighbourhood  of  Gotham,  Kingsdown  and  West  Clifton,  as  well 
as  on  the  opposite  side  of  the  city,  at  Pyle  Hill,  The  basic  and 
marly  strata  which  occur  here,  as  is  well  known,  contain  fine  beds  of 
crystallized  celcstine,  for  which  this  district  has  been  long  celebrated. 
Hence,  the  presence  of  this  mineral  ingredient  in  the  water  is  easily 
accounted  for. 

Those  waters  we  have  found  to  contain  the  largest  proportion  of 
strontia  are  obtained  from  Cotham,  on  the  edge  of  the  lias,  and  at  its 
junction  with  the  new  red  sandstone.  In  one  specimen  which  we 
examined  from  this  locality,  we  detected  as  much  as  three-tenths  of 
a  grain  of  the  sulphate  per  gallon.     The  process  of  analysis  pursued 
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in  this  inquiry  was  as  follows : — The  water  having  been  evaporated  to 
dryness,  the  residuary  mass  was  heated  with  an  excess  of  pure 
sulphuric  acid,  in  order  to  convert  the  whole  of  the  earthy  and 
alkaline  salts  present  into  sulphates,  and  also  to  get  rid  of  the 
organic  matter.  The  excess  of  sulphuric  acid  was  then  expelled  by  a 
further  application  of  heat,  and  the  fixed  residue  extracted,  first  with 
boiling  water,  and  subsequently  with  hot  hydrochloric  acid,  until  the 
whole  of  the  matters  that  were  soluble  in  those  menstrua  were  dissolved 
out.  That  which  remained  consisted  of  a  mixture  of  silica  with 
sulphate  of  strontia.  In  order  to  separate  these  two  substances, 
they  were  placed  in  a  platinum  capsule,  and  exposed  to  the  vapours  of 
hydrofluoric  acid,  by  which  means  the  silica  was  abstracted,  and 
sulphate  of  strontia  left  behind  in  the  pure  state.  The  necessity  for 
the  first  operation  originated  fi'om  the  fact  that  the  sulphate  of 
strontia  is  somewhat  soluble  in  chloride  of  sodium,  and  therefore  upon 
attempting  to  estimate  it,  without  taking  the  precaution  to  fii'st  con- 
vert the  whole  of  the  bases  into  sulphates,  a  loss  would  be  sustained, 
in  consequence  of  the  solution  of  a  part  of  the  sulphate  of  strontia  in 
the  water. 

We  have  also  discovered  extremely  minute  traces  of  sulphate  of 
strontia  or  sulphate  of  baryta  in  many  well-waters  from  other 
localities.  At  all  events,  the  siliceous  residue  obtained  by  the  above 
process,  when  fused  with  a  mixture  of  starch  and  carbonate  of  soda, 
yielded  a  fused  mass  which,  upon  solution  in  water,  and  testing  with 
the  nitroprusside  of  potassium,  produced  a  faint  violet  colouration, 
which  could  only  be  caused  by  the  presence  of  a  trace  of  alkaline 
sulphide,  resulting  from  the  decomposition  of  an  earthy  sulphate 
insoluble  in  hydi-ochloric  acid. 


XVII. — A  new  method  for  the  analysis  of  Chrome  Ores. 

By  F.  C.  Calvert. 

It  is  well  known  to  all  chemists  who  have  analysed  chrome  ores, 
what  difficulties  they  present,  and  what  long  and  tedious  manipu- 
lations are  required  to  produce  satisfactory  results.  In  the  numerous 
analyses  of  chrome  ores  which  I  have  made,  1  have  found  it  im- 
possible to  make  two  analyses  of  the  same  ore  satisfactorily  corres- 
pond. I  have,  therefore,  been  led  to  make  a  series  of  experiments, 
the  results  of  which  I  have  now  the  honour  of  laying  before  the 
Society.     By  the  results   I  have  obtained,  I  believe  I  have  removed 
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the  objections  inherent  in  the  present  mode  of  attacking  the  ore, 
the  first  of  which  consists  in  the  difficulty  of  obtaining  crucibles 
capable  of  resisting  for  several  hours,  at  a  high  temperatui-e,  the  com- 
bined actions  of  nitrate  and  carbonate  of  potash,  but  more  especially 
of  caustic  potash,  which  it  is  essential  to  the  operator  to  employ  in 
order  to  properly  attack  his  ore.  Silver  crucibles  cannot  stand  the 
temperature,  and  those  of  porcelain  or  platinum  are  either  dissolved 
or  injured. 

The  second  and  most  serious  objection  to  be  raised  is,  that  owing 
to  the  high  specific  gravity  of  the  ore,  it  falls  to  the  bottom  of  the 
fused  mass,  and  thus  becomes  excluded  from  the  necessary  oxidizing 
action  of  the  atmosphere  to  transform  the  oxide  of  chromium  into 
chromic  acid.  As  the  chromic  acid  is  thus  produced  but  veiy  slowly, 
the  consequence  is,  the  ore  is  very  imperfectly  attacked,  although  the 
calcination  be  continued  for  several  hours. 

The  first  method  I  have  employed  with  success,  consists  in  mixing 
intimately  a  given  quantity  of  the  well-pulverized  ore  with  about  three 
or  four  times  its  weight  of  a  mixture  made  by  slaking  quicklime  with 
caustic  soda,  and  then  drying  and  calcining  the  mass.  To  the  inti- 
mate mixture  of  soda,  lime,  and  ore,  one-fourth  part  of  nitrate  of  soda 
is  added.  The  whole  is  then  well  calcined  for  two  hours,  taking  great 
care  to  stir  the  pasty  mass  every  quarter  of  an  hour  with  a  platinum 
wire.  In  consequence  of  this  mixture  not  becoming  fluid,  the  ore  is 
constantly  kept  in  contact  with  the  oxygen  of  the  atmosphere,  and 
thus  becomes  decomposed  and  the  oxide  of  chromium  oxidized.  I 
find  that,  by  this  method,  one  treatment  is  generally  sufficient  to 
completely  attack  the  ore.  It  is  seldom  that  two  treatments  are 
necessary,  whilst,  by  the  method  usually  adopted,  five  or  six  successive 
calcinations  are  required.  Henry  Rose  states  that  these  calcinations 
may  be  avoided  by  weighing  the  remaining  residuum  or  ore  not 
attacked,  and  then  calculating  the  chrome  in  it  fi-om  that  which  has 
been  acted  upon  ;  but  this  mode  would  lead  to  incorrect  results, 
for  chrome  ore  always  contains  silica  and  alumina,  which  are  easily 
dissolved  in  the  first  operation. 

The  greater  part  of  the  mass  is  now  dissolved  in  water,  and  to  the 
insoluble  portion,  sulphuric  acid,  diluted  with  twice  its  bulk  of  water, 
is  added.  When  the  whole  is  removed  from  the  crucible,  a  little 
alcohol  is  added  to  the  solution,  which  renders  the  sulphate  of  lime 
nearly  insoluble.  The  whole  is  next  thrown  on  a  filter  and  washed 
three  or  four  times  with  weak  alcohol,  which  dissolves  all  the  bichro- 
mate formed,  leaving  the  sulphate  of  lime  with  the  ore  not  attacked 
on  the  filter.     The  former  is  easily  removed  by  washing  the  filter  with 
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boiling  water.  If  any  ore  is  left  as  a  residuum,  it  is  recalcined.  The 
solution  containing  tlie  bichromate  of  soda  is  now  neutralized  with 
ammonia  and  oxalate  of  ammonia  added,  which  gives  rise  to  a  small 
precipitate  of  sesquioxide  of  iron,  alumina,  and  oxalate  of  lime, 
together  with  a  little  silica  dissolved  by  the  excess  of  sulphuric  acid. 
The  i^recipitate  having  been  separated,  and  well  washed,  the  liquor 
is  either  boiled  with  alcohol  to  reduce  the  chromic  acid  to  the  state 
ofoxide,  to  be  precipitated  and  valued ;  or  the  liquor  is  rendered  acid^ 
and  the  amount  of  chromic  acid  ascertained  by  protochloride  of  tin 
according  to  Dr.  Penny^s  process. 

The  two  following  analyses  of  an  ore  from  Turkey  were  made  by 
this  method  : 

I.  II. 

Sesquioxide  of  chromium      .     .     57*60     .     .     58*40 

Protoxide  of  iron 25-78     .     .     26-14 

Sand,  clay,  chalk 17-50     .     .     16-35 

Another  process  which  I  have  found  to  produce  also  good  results, 
consists  in  calcining  the  well-pulverized  chrome-ore  with  nitrate  of 
baryta,  the  oxygen  of  which,  as  it  leaves  it,  gradually  oxidizes  the 
oxide  of  chromium.  From  time  to  time,  towards  the  end  of  the 
operation,  a  little  caustic  potash  is  added,  which  facilitates  the  action 
and  gives  rise  to  chromate  of  potash.  The  transformation  of  the 
oxide  of  chromium  into  chromic  acid  is  nicely  effected  by  the  pasty 
state  of  the  fused  oxide  of  barium  preventing  the  ore  falling  to  the 
bottom  of  the  crucible,  and  thus  becoming  excluded  fi-om  the  oxidizing 
action  of  the  atmosphere.  On  cooling,  the  crucible  and  its  contents 
are  put  in  contact  with  dilute  nitric  acid,  which  dissolves  the  greater 
portion  of  the  mass,  leaving  the  non-attacked  ore.  This  residuum 
after  being  washed,  is  ready  for  a  new  treatment,  if  deemed  necessary. 
The  liquor  containing  the  bichromates  of  soda  and  baryta,  nitrate  of 
baryta,  peroxide  of  iron,  alumina  and  lime,  is  first  heated  with  sul- 
phate of  potash,  which  precipitates  the  baryta  in  the  state  of  a  sul- 
phate. The  precipitate  is  thrown  on  a  filter  and  washed ;  and  to  the 
filtrate  ammonia  and  oxalate  of  ammonia  are  added,  on  which  peroxide 
of  iron,  alumina,  and  oxalate  of  lime  fall  down.  The  mixed  precipi- 
tate is  gathered  on  a  filter,  washed,  and  the  chromium  in  the  chromate 
determined. 


MR.    P.    DUFFY    ON    TRANSFORMATIONS    OF    FATS.  197 

XVIII. — On  certain  Isomeric  Transformations  of  Fats. 
By  Patrick  Duffy, 

OF    THE    BIRK.BECK    LABORATORY,    UNIVERSITY    COLLEGE,    LONDON. 

Chevreul  gave  the  name  of  stearic  acid  to  a  particular  acid  derivable 
from  certain  natural  fats,  while,  at  the  same  time,  he  used  the  word 
stearine  as  a  synonyme  for  the  most  solid  portion  of  any  natural  fat 
which  furnished  glycerine  ;  thus,  he  speaks  of  the  stearine  of  human 
fat,  while,  at  the  same  time,  he  shows  that  stearic  acid  is  not  derivable 
from  it.  Lecanu  afterwards  prepared  from  mutton  fat  a  substance 
which,  on  decomposition  by  alkalies,  yielded  an  acid  consisting  chiefly 
of  stearic  acid,  and  proposed  to  restrict  to  this  substance  the  name  of 
stearine.  Most  chemists,  adopting  the  principle  of  nomenclature  con- 
tained in  Lecanu's  proposal,  now  understand  the  names  stearine, 
margarine,  &c.,  to  signify  bodies  which,  if  they  were  obtained,  would, 
on  decomposition  by  alkali,  furnish  respectively  only  stearic  acid, 
margaric  acid,  &c.,  and  glycerine,  and,  in  the  absence  of  such  sub- 
stances, apply  them  to  those  which  most  nearly  approach  them.  The 
origin  of  this  nomenclature  for  the  fats,  belongs,  however,  not  to 
Lecanu  but  to  Chevreul;  for,  throughout  his  work  on  the  fats,  stea- 
rine is  the  only  exception  to  it.  This  exception,  I  wish  to  remark, 
has  been  rather  unfortunate  :  for  many  physiologists  and  some  chemists, 
still  employing  the  word  in  the  sense  in  which  Chevreul  used  it,  have 
particularized  by  it  bodies  which  other  chemists  have  described  as 
margarine  or  palmitine.  This  diversity  of  nomenclature  has  already 
introduced  many  apparent  discrepancies  into  works  upon  the  fats, 
and,  as  a  consequeoce,  some  real  difficulties  in  the  way  of  further 
investigation.  I  refer  to  the  circumstance  here,  not  because  I  have 
any  change  of  name  to  propose,  but  because  I  think  allusion  to  it 
will  be  sufficient  to  render  obvious  the  advantages  of  allowing  stearine 
to  signify  the  substance,  whether  hypothetical  or  not,  which,  on 
decomposition  by  alkali,  affords  stearic  acid  and  glycerine,  instead  of 
forming  an  exception  to  a  convenient  and  established  system  of 
nomenclature. 

Chevreul*  prepared  what  he  called  stearine  from  five  different 
sources,  viz.,  human  fat,  fat  of  swine,  fat  of  the  goose,  mutton  fat, 
and  beef  fat.  As  he  gives,  instead  of  the  melting  point,  the  point  of 
solidification  after  melting,  and  as  other  chemists,  in  speaking  of  the 
stearine  prepared  by  them,  have  given  only  the  melting  point,  we  are 
*  Recherches  Chimiques  sur  les  corps  gras.     Paris,  1823,  p.  261,  &c. 
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restricted  to  use,  as  the  standard  of  comparison  for  their  results,  the 
melting  point  of  the  acid  furnished  on  saponification.  The  acid  from 
the  substances  prepared  by  Chevreul,  even  after  the  removal  of  a 
portion  of  oleic  acid,  melted  only  in  one  case  so  high  as  64" 8°  C. 
Since  the  melting  point  of  stearic  acid,  as  found  by  him  and  confirmed 
by  others,  (Redtenbacher,*  Laurent  and  Gerhardtf)  is  70°,  none 
of  the  substances  which  he  called  stearine,  can  be  regarded  as  a  close 
approximation  to  pure  stearine. 

Braconnot,J  by  using  essence  of  turpentine  as  the  purifying 
agent,  instead  of  alcohol,  which  Chevreul  used,  succeeded  in  pro- 
curing a  substance  which  melted  at  61*25°,  and  furnished  an  acid 
fusible  at  62-50°. 

Afterwards  Lecanu§  prepared  from  mutton-fat,  by  means  of  ether, 
a  substance  which  melted  at  62°,  and  furnished  an  acid  melting  at 
64°.  He  states  that  he  found  it  impossible  to  raise  the  melting 
point  of  this  acid  by  purification  higher  than  66°,  and  adds  that  M. 
Bussy,  in  researches  which  he  was  then  pursuing,  had  not  found 
stearic  acid  to  melt  higher  than  66°.  Hence  he  concluded  that  what 
he  called  stearine  was  a  pure  substance. 

Since  then  stearine  has  been  prepared  in  the  same  manner  by 
Liebig  and  Pelouze,|l  who  do  not  mention  its  melting  point  in  their 
paper;  by  Artzbacher,^  who  bi'ought  its  melting  point  to  60*6°,  and 
by  Heintz,**  who  agrees  with  Lecanu  in  its  melting  point.  Although 
these  chemists  may  not  concur  with  Lecanu  in  regarding  any  of  these 
substances  as  pure  stearine,  they  yet  admit  that  it  is  impossible  to 
raise  its  melting  point  above  62*25°. 

There  are  three  ways  in  which  the  chemical  purity  of  the  glycerine- 
fats  may  be  estimated — 1st.  That  further  crystallisation  produces  no 
change  in  the  melting  point  of  the  fat  itself;  2nd.  That  when  crystal- 
lised, the  crystallised  portion  and  that  remaining  in  the  mother-liquor 
differ  not  at  all,  or  only  slightly,  in  melting  point ;  3rd.  That 
on  saponification,  the  resulting  acid  be  not  susceptible  of  having 
its  melting  point  changed,  or  in  other  words,  of  further  pui'ifi- 
cation. 

The  first  of  these  tests  is  that  by  which  chemists  have  hitherto 
been  guided  in  the  purification  of  fats  ;  but  although  competent,  it 

*  Ann.  Ch.  Pharm.  XXXV,  46. 

t  Compt.  Kend.  trav.  china.  1849,  p.  337. 

+  Ann.  Chim.  XCIII,  252.     J.  Pharm.  XXV,  [2],  307. 

§  J.  Pharm.  XX,  325.     Ann.  Ch.  Phys.  LV,  192. 

II  Ann.  Ch.  Pharm.  XIX,  264.     J.  pr.  Chem.  173. 

i  Ann.  Ch.  Pharm.  LXX,  239.     Compt.  Rend.  trav.  chim,  1849,  p.  343. 

**  Pogg.  Ann.  LXXXIV,  229. 


ISOMERIC    TRANSFORMATIONS    OF    FATS.  199 

is  calculated  to  deceive  unless  very  delicately  applied,  and,  as  will  be 
seen,  has  really  done  so. 

In  the  treatment  of  mutton  fat  by  ether  for  the  preparation  of 
stearine,  I  have  found  that,  although  between  two  successive  crys- 
tallisations after  the  fifth,  the  thermometer  can  scarcely  distinguish, 
yet  if  these  two  crystallisations  be  melted  under  the  same  circum- 
stances, a  difference  of  time  in  the  commencement  of  melting  will  be 
perceived,  a  difference  which  is  still  greater,  the  more  widely  separated 
in  respect  to  the  number  of  times  two  specimens  may  have  been  crystal- 
lised ;  and  although  the  thermometer  may  fail  to  point  out  a  difference 
in  the  melting  point  of  tw^o  immediately  successive  crystallisations, 
yet  that  long  after  the  melting  point  of  stearine  has  reached  62°,  the 
difference  of  melting  point  between  substances,  one  of  which  has  been 
crystallised  two  or  three  times  oftener  than  the  other,  is  quite  sensible 
to  the  thermometer. 

Instead,  however,  of  relying  entirely  on  this  test,  I  took  as  guide 
the  second,  one  which  consists,  theoretically  speaking,  in  carrying 
on  the  crystallisation  from  ether,  till  the  portion  which  remains  in 
the  mother-liquor,  has  the  same  melting  point  as  that  crystallised 
out.  I  say  theoretically  speaking :  for,  even  after  thirty-two  crystal- 
lisations, the  residue  in  the  mother-liquor,  after  removal  of  a  second 
crop  of  crystals,  differed  in  melting  point  from  the  first  crop  by 
2°  or  3°. 

It  might  be  supposed  that,  instead  of  the  impurities  being  so  per- 
sistent as  this  represents  them,  the  difference  of  melting  point  arose 
from  some  decomposition  taking  place  every  time  the  substance  was 
dissolved ;  but  this  w^as  not  the  case,  for  I  found  the  melting  point 
and  composition  of  stearine  to  remain  unchanged  after  ten  weeks' 
contact  and  partial  solution  in  ether. 

Each  of  the  thirty-two  crystallisations  spoken  of,  was  made  on  an 
average  with  a  quantity  of  ether  at  least  fifty  times  that  of  the  sub- 
stance dissolved,  and  the  mother-liquor  w^as  poured  off  when  the 
temperature  fell  to  16°.  At  first  the  crystals  were  then  washed  with 
warm  ether  and  afterwards  strongly  pressed  by  the  hands  in  folds  of 
linen ;  but  as  the  substance  approached  to  purity  this  was  discon- 
tinued, and  the  mother-liquor  removed  by  decantation  alone.  A 
second,  and  sometimes  a  third,  crop  of  crystals  was  obtained  from  the 
mother-liquor,  and,  after  being  sufiicicutly  purified,  added  to  the  first 
crop.  In  the  first  five  or  six  crystallisations,  the  quantity  of  ether 
employed  was  not  more  than  from  ten  to  fifteen  times  the  volume  of 
the  substance  dissolved,  but  tow^ards  the  end  it  w'as  increased  to 
upwards  of  one  hundred  times  the  volume.    In  this  manner  not  more 
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than  eight  grammes  were  obtained  from   two   kilogrammes  of  the 
crude  fat. 

After  thirty-two  crystallisations,  the  substance  which  I  obtained 
melted,  not  at  62°,  but  at  least  2°  higher,  and  furnished  an  acid  melting 
at  66°'5.  It  possessed  characters  hitherto  unsuspected  in  the  class  of 
substances  to  which  stearine  belongs. 

The  method  of  taking  the  melting  point  consisted  in  fusing  on  a 
hook  at  the  end  of  a  platinum  wire  a  bead  of  the  substance,  and  sus- 
pending the  wire  in  a  beaker  containing  w^ater  previously  boiled,  to 
expel  air.  The  temperature  of  the  w^ater  in  the  beaker  was  regulated 
by  placing  the  latter  on  a  small  sand-bath  over  a  gas-lamp.  The 
perfect  contact  between  the  bead  and  the  water  ensured  the  identity  of 
their  temperature,  which  was  given  by  a  thermometer  suspended  in 
the  water.  The  temperature  at  which  a  small  ring  of  limpid  fat  sur- 
rounding the  bead  first  appeared  was  taken  as  the  melting  point. 
The  melting  point  of  substances  which,  like  stearic  acid,  solidify- 
after  fusion,  not  in  an  amorphous,  but  in  a  crystalline  condition,  is 
best  observed  by  enclosing  them  in  thin-walled  capillai-y  tubes ;  for 
when  directly  exposed  to  the  contact  of  the  water,  the  latter  entering 
the  interstices  among  the  crystals,  and  afterwards  remaining  suspended 
in  the  fused  mass,  gives  it  an  opalescent  appearance,  and  renders  it 
difficult  to  distinguish  the  true  melting  point. 

During  the  preparation  of  stearine  in  the  foregoing  manner,  I  had 
occasion  to  take  its  melting  point  at  various  stages  of  the  purification. 
Observing  that  after  being  melted  it  did  not,  in  harmony  with  the 
laws  of  latent  heat,  always  solidify  at  the  same  temperature  as  that  at 
which  it  melted,  I  made  a  register  of  its  solidifying  point  in  a  number 
of  cases,  and  found  that  the  solidifying  point  was,  in  most  cases,  from 
12"2°  to  12"8°,  and  never  more  below  the  melting  point,  but  in  a 
few  cases  not  even  2°  below  it.  These  observations  were  made  long 
before  I  had  brought  the  stearine  to  a  state  of  purity ;  but  although 
made  on  an  impure  substance,  they  remained  good  for  the  purer 
substance.  It  was  next  observed  that  these  variations  of  the  solidify- 
ing point  were  not  due  to  agitation  in  one  case,  and  its  absence  iu 
another ;  in  short,  that  in  those  cases  in  which  the  temperature  fell 
12*2°  below  the  melting  point  before  solidification  commenced,  the 
passage  into  the  solid  condition  was  not  precarious ;  it  was  impossible 
to  produce  it  by  any  mechanical  means  at  a  higher  temperature.  For 
those  specimens  then  under  examination,  the  conditions  of  these 
variations  were  found  to  be,  that,  when  the  temperature  was  raised 
only  1°  or  2°  above  the  melting  point,  solidification  set  in  as  soon  as 
the  temperature  fell  1°  or  2°  below  the  melting  point ;  but  that  when 
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the  temperature  was  raised  4°  above  the  melting  point,  solidification 
could  be  induced  only  when  the  temperature  fell  12*2°  below  the 
melting  point. 

When  the  stearine  which  had  solidified  12"2°  below  its  melting 
point  was  again  heated  about  1°  above  the  solidifying  point,  it  became 
less  opaque,  indeed  almost  transparent,  suggesting  the  impression  that 
it  was  melting,  but,  whether  the  temperature  remained  stationary  or 
rose,  quickly  resumed  its  opacity.  Inasmuch  as  the  precaution  of 
enclosing  the  fat  in  dry  close  tubes  made  no  difference  in  this  phe- 
nomenon, it  was  concluded  to  be  the  effect  of  temperature  alone. 

In  the  circumstances  of  the  foregoing  experiment,  where  the  fat 
was  continuously  heated  from  below  to  above  the  point  at  which  the 
change  presented  itself,  the  conditions  were  in  favour  of  its  appearing 
at  the  lowest  temperature  capable  of  producing  it.  As  it  was  shewn 
to  be  the  effect  of  temperature,  it  appeared  probable  that  if  the  fat 
were  suddenly  submitted  to  a  temperature  a  few  degrees  higher,  but 
not  necessarily  so  high  as  the  melting  point,  this  appearance  would 
present  itself  with  greater  intensity.  A  bead  of  substance,  of 
melting  point  63°,  which  was  the  purest  I  had  at  the  time,  was 
placed  in  a  small  glass  tube,  at  one  side  of  the  part  which  had  been 
previously  drawn  out  to  a  capillary  diameter;  the  tube  \\a.s  plunged, 
the  end  containing  the  bead  undermost,  into  water  at  53"6°  ;  the  air 
was  now  sucked  out  of  the  other  end,  whereupon  the  fat  passed 
through  the  capillary  part  of  the  tube,  which,  had  it  not  been  fluid,  it 
was  impossible  it  could  do.  Hence,  there  remained  no  doubt  whatever 
that  the  fat  really  melted  at  the  temperature  at  which  the  foremen- 
tioned  transparency  appeared,  and  afterwards  solidified  at  the  same  or 
even  at  a  higher  temperature."^ 

The  question  now  arose :  is  the  stearine  the  same  in  every  respect 
after  as  before  this  melting  ?  that  is,  has  it  the  same  properties,  and, 
among  the  rest,  that  of  melting  at  this  lower  temperature  ?  When 
taken  after  melting  and  again  solidifying  at  53*6°,  and  plunged  into 
water  at  that  temperature,  it  did  not  melt ;  in  short,  it  melted  only 
when  the  temperature  rose  to  its  ordinary  melting  point,  63°.      The 

*  Since  I  finished  my  experiments  on  this  point,  my  attention  has  been  called  to  the 
fact  that  Dr.  Ileintz,  of  Halle  (Ber.  d.  Herl.  A.  1849,  222.  J.  pr.  Chem.  XLVIII,  382. 
L'Instit.  1849,  390)  had  also  noticed  that  stearine  from  mutton  fat,  melting  at  62° — 
62-25",  became  transparent  when  immersed  in  water  at  51° — 52",  and  afterwards  resumed 
its  opacity  when  the  temperature  rose  to  about  58".  He  has,  however,  given  no  expla- 
nation of  what  takes  place,  but  merely  stated  that  the  stearine  does  not  become  fluid.  His 
reasons  for  this  conclusion  consisted  in  the  fact,  that  a  thin  layer  of  stearine  did  not  change 
its  form,  although  it  became  transparent  when  plunged  into  water  at  52°.  In  repeating 
the  experiment,  I  have  found  that,  whenever  the  stearine  becomes  entirely  transparent, 
it  takes  the  form  that  would  be  assumed  by  a  fused  mass  of  any  other  substance. 
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stearine  had  therefore,  by  melting  and  again  sohdifying  at  53*6°, 
passed  into  a  different  isomeric  modification.  The  only  evident 
difference  between  these  two  modifications  is,  that  one  melts  imme- 
diately above  its  solidifying  point,  the  other  only  at  12*2°  above  it, 
and  that  the  former  approaches  slightly  more  to  translucency,  and  is 
more  reflective  of  light  than  the  latter. 

Before  melting  and  solidifying  at  53*6°,  the  stearine  had  the  pro- 
perty of  melting  at  that  and  even  at  lower  temperatures,  so  low,  that 
when  we  take  the  consequences,  instead  of  the  actual  appearance,  as 
evidence,  we  must  admit  that  the  proper  point  for  placing  the  first 
melting  point  at  is  as  nearly  identical  with  the  point  at  which  it  soli- 
difies, after  being  heated  4°  above  its  hitherto  known  melting  point, 
as  the  melting  point  of  any  metal  is  with  its  solidifying  point.  What 
I  mean  by  taking  the  consequences  as  evidence  is,  that  the  appearance 
of  melting  at  53*6°  being  succeeded  by  the  transition  into  a  modifi- 
cation which  melts  only  at  63°,  if  we  find  that  this  transition  is  a 
consequence  of  keeping  it  a  sufiicient  length  of  time  at  51°,  then, 
although  we  may  see  no  appearance  of  melting,  we  must  consider 
that  it  does  melt  at  that  temperature.  In  the  case  of  this  specimen, 
which  melted  at  63°,  and  solidified  about  50*5°,  it  was  found  that 
although  a  temperature  of  51°  required  a  long  time  to  produce  the 
change  into  the  modification  melting  at  63°,  it  was  yet  sufficient  to 
do  so,  and  for  that  reason  I  conclude  that  the  first  melting  point  is  at 
least  within  0*5°  of  the  solidifying  point.  A  reason  why  this 
transition  at  the  lowest  sufficient  temperature  is  not  preceded  by  the 
appearance  of  melting,  consists  in  the  fact  ^'  that  next  to  water,  fat 
possesses  the  greatest  capacity  for  heat  ;"*  and  "  is  also  one  of  the 
worst  conductors  of  heat  when  fluid  ;^'t  so,  that,  after  the  heat  of  the 
water  in  the  experiment  has  melted  the  surface  of  the  bead,  the 
surface,  or  say  the  superficial  stratum,  will  have  again  solidified  in  the 
modified  state  before  the  heat  has  penetrated  to  the  next  interior 
stratum ;  hence,  at  the  lowest  temperature  sufficient  to  produce  the 
change,  a  portion  is  always  in  one  or  other  solid  state,  and  at  no  one 
moment  is  the  whole  transparent,  but  only  different  portions  in  suc- 
cessive moments. 

It  will  be  readily  perceived  that  the  temperature  of  the  first 
melting  point  is  dependent  on  that  of  the  solidifying  point  (the 
solidifying  point  after  heating  4°  above  the  second  melting  point) . 
As  all  temperatures  above  the  solidifying  point,  and  below  the  second 
melting  point  produce  the  modification  of  higher  melting  point,  if  the 

*  Lehmann's  Phys.  Ch.  translated  for  Cavendish  Soc.  by  Day,  I,  261. 
t  Id.  p.  260. 
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solidifying  point  was  higher  than  it  is,  the  first  melting  point  must 
also  have  been  higher,  or  it  could  not  have  existed  at  all. 

It  yet  remained  to  be  found  what  was  the  cause  that,  when  the 
temperature  had  not  been  raised  4°  above  the  second  melting  point, 
solidification  set  in  before  the  temperature  fell  13'2°  below  this 
melting  point. 

This  depended  on  the  fact  that  there  was  yet  another  melting 
point,  and  another  isomeric  condition  corresponding  to  it. 

When  the  temperature  was  raised  only  1°  or  2°  above  the  second 
melting  point,  and  then  allowed  to  fall  slowly  1°  or  3°  below  it, 
solidification  commenced,  and  proceeded,  not  suddenly,  as  at  the 
ordinary  solidifying  point,  but  slowly,  and  when  complete,  the  appear- 
ance of  the  fat  was  entirely  diff'erent  from  what  it  had  been  in  either 
of  the  foregoing  modifications,  it  was  more  opaque  and  friable,  and 
melted  only  at  66-5°,  or  3'5°  above  its  ordinarily  known  melting  point. 

To  distinguish  these  diff'erent  modifications,  they  will  be  called  in 
the  order  of  their  melting  points,  the  first,  second  and  third ;  that 
melting  at  51°,  the  first  modification ;  that  melting  at  63°,  the 
second;  that  melting  at  66'5°,  the  third.  The  latter  may  be  also 
called  the  crystalline  condition,  for  it  really  is  so ;  and  what  is  very 
remarkable,  as  well  from  its  connexion  with  the  other  facts  in  this 
paper,  as  from  its  having  so  long  escaped  observation,  the  crystals 
from  ether  have  the  third  melting  point  only. 

From  what  has  been  said  it  will  be  observed,  that  both  the  second 
and  third  modifications  are  producible  in  the  interval  between  the 
first  and  second  melting  points ;  the  second  modification  in  the 
lower  extremity  of  this  interval,  the  third  in  the  higher.  There  is, 
however,  no  particular  point  in  this  interval  forming  a  marked 
boundary  by  which  the  two  ranges  of  temperature  that  produce  the 
two  diff'erent  modifications  are  separated.  In  the  case  of  the 
specimen  taken  for  illustration,  and  having  its  melting  points 
respectively  at  51°,  63°,  and  66*5°,  the  second  modification  was  alone 
producible  under  56°,  at  least  within  any  moderate  time ;  at  56*5°  a 
mixture  seemed  to  be  the  result,  whilst  at  57°,  and  all  temperatures 
between  that  and  the  third  melting  point,  the  third  modification  alone 
was  produced. 

It  may  also  be  collected  from  what  has  been  stated,  that  neither 
the  second  nor  third  modification  can  be  produced  from  a  substance 
which  has  been  heated  to  the  third  melting  point ;  for  the  liquid 
which  is  then  formed,  solidifies  only  when  the  temperature  falls  below 
the  first  melting  point,  and  is  then  necessarily  in  the  first  modification, 
unless  after  the  lapse  of  hours. 
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What  has  been  said  of  the  specimen  hitherto  spoken  of,  may  be 
summed  up  by  saying  that  it  has  three  melting  points ;  it  melts  at 
the  temperature  of  the  first,  solidifies ;  melts  at  the  temperature  of 
the  second,  solidifies;  melts  at  the  temperature  of  the  third,  and  then 
solidifies  only  when  the  temperature  has  fallen  below  all  three ;  and 
after  solidifying  here,  it  may  be  made  to  melt  again  at  the  first,  at  the 
second,  and  at  the  third  melting  points  respectively,  solidifying,  as 
befoi'e,  below  all  three ;  and  these  changes  are  producible  in  this 
succession  to  any  extent  without  the  slightest  loss  or  gain  of  weight. 

In  specimens  where  the  impurities  predominate,  as  those  having 
their  second  melting  point  at  61°,  or  below  it,  the  third  modification 
is  procurable  only  by  obtaining  crystals  from  ether  or  some  other 
solvent. 

On  the  other' hand,  as  the  stearine  approached  to  pui'ity,  the 
appearance  of  the  second  melting  point  siibsided,  insomiich  that  when 
a  substance  having  its  first  melting  point  at  52°,  and  its  third  at 
at  69°*7,  was  obtained,  it  did  not,  on  being  heated  continuously  from 
the  first  to  the  third  melting  point,  become  fluid  at  any  intermediate 
temperature  ;  however,  when  it  was  melted  at  or  near  its  first  melting 
point,  and  allowed  to  solidify  at  the  same  temperature,  and  then 
suddenly  removed  to  a  temperature  which  by  inference  was  judged  to 
be  a  .little  above  its  second  melting  point,  as  65°'5,  it  did  melt. 

At  the  same  time  that  the  second  melting  point  was  thus  disap- 
pearing, the  highest  temperature  for  producing  the  second  modifica- 
tion, instead  of  rising  along  with  the  melting  points,  was  approaching 
more  and  more  nearly  to  the  first  melting  point,  thus  narrowing  the 
limits  for  the  production  of  the  second  modification  and  extending 
those  of  the  third,  so  that  in  the  specimen  having  its  first  and  third 
melting  points  at  52°  and  69*7°  respectively,  the  highest  temperature 
for  producing  the  second  modification  was  about  55°,  or  3°  above  the 
first  melting  point,  while  in  the  less  pure  substance,  having  its  first 
melting  point  at  51°,  the  corresponding  point  was  56°,  or  5°  above 
its  first  melting  point. 

These  facts,  along  with  the  melting  point,  specific  gravity,  and 
external  appearance*  of  the  second  modification  being  intermediate 
between  those  of  the  other  two,  lead  to  the  inference  that  if  stearine 
were  obtained  quite  pure,  the  highest  temperature  at  which  the  second 
modification  would  be  producible  would  coincide  with  the  first  melt- 
ing point ;  and  there  being  consequently  no  range  of  temperature  for 
producing  the  second  modification,  there  would  be  no  second  modifi- 

*  Although  the  appearance  is  intermediate,  it  is  quite  distinct.  It  is  described 
further  on. 
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cation  and  no  second  melting  point,  but  only  a  first  and  third  melting 
l)oiutj  or  in  that  case,  a  first  and  second  melting  point ;  and  that  what 
I  have  called  the  second  modification  is  a  mixture  of  the  other  two 
modifications,  owing  its  existence,  somehow  or  other,  to  the  impuri- 
ties. But  even  were  we  certain  that  this  were  the  case,  there  would 
still  remain  the  difficulty  of  explaining  how  they  could  produce  it. 
The  following  seems  to  me  also  a  strong  reason  for  believing  it  not  a 
mixture.  In  the  assumption  that  it  is  such,  is  implied  that  the  rela- 
tive quantities  of  the  first  and  third  modifications  in  it  are  such  that 
when  the  melting  point  of  the  former  is  exceeded,  its  solvent  action 
on  the  latter  is  sufficient  to  make  the  whole  melt  some  distance  below 
the  third  melting  point.  Now  if  this  were  correct,  we  ought,  by 
increasing  the  proportion  of  the  first  modification,  or,  in  other  words, 
of  the  solvent,  to  be  able  to  depress  the  melting  point  of  the  whole  still 
more.  But  experiment  showed  that  when  a  bead  of  substance  having 
its  second  melting  point  at  63°  was  brought  into  the  second  modifi- 
cation by  being  melted  and  allowed  to  solidify  at  a  little  above  its 
first  melting  point,  it  became  limpid  at  the  same  temperature,  63°,  as 
it  did  when  it  was  allowed  to  solidify,  only  very  partially,  or  when 
after  solidifying,  the  greater  part  of  it  was  again  reduced  to  the  first 
modification. 

Dr.  Hittorf*  has  lately  shown  in  an  interesting  paper  on  selenium, 
that  this  substance  has  two  allatropic  modifications  and  two  melting 
points  to  correspond ;  and  that,  after  melting  at  the  higher  of  the  two, 
it  solidifies  only  when  the  temperature  has  fallen  considerably  below 
both.  Now  it  is  also  known  that  selenium  softens  considerably 
below  what  he  calls  its  first  melting  point ;  but  whether  the  changes 
which  accompany  this  softening  are  those  consequent  upon  a  real 
fusion,  has  not  been  investigated ;  but  should  they  be  found  to  be 
such,  there  would  be  the  closest  analogy  between  its  characters  and 
those  of  stcarine. 

The  following  is  a  short  table  of  the  melting-point  of  mutton 
stearine  at  diff'erent  stages  of  the  purification  : 


Solidifying 
Points. 

Melting  Points. 

No.  of  crystallizations. 

1. 

2. 

3. 

5 

17 
32 

49° 

50-5 

51-7 

49-5° 

51 
52 

61-3° 
63 

64-2  (?) 

64° 

66-5 

69-7 

From  this  table,  it  will  be  observed  that  the  second  melting  point 


*  Pogg.  Ann.  LXXXIV,  214. 
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rises  tnucli  more  quickly  than  the  first,  with  the  removal  of  the 
impurities,  and  the  third  still  more  quickly  than  either  of  the  other 
two.  This  is  explained  by  what  we  know  to  be  the  general  action  of 
solvents ;  for  the  influence  of  the  impurities  is  a  solvent  one,  or  in 
other  words,  one  which  tends  to  depress  the  melting  point ;  and  for 
any  given  quantity  of  impurities,  this  is  greater  at  the  temperature  of 
the  higher  than  of  the  lower  melting  point,  so  that  this  quantity  of 
impurities  being  removed,  the  higher  melting  point  rises  in  conse- 
quence more  than  the  lower.  The  different  modifications  have  pro- 
bably also  difi'erent  solubilities,  even  at  the  same  temperature ;  indeed, 
the  fact  of  the  third  modification  being  always  deposited  from  ether, 
whatever  modification  may  have  been  dissolved,  shows  that  it  is  the 
one  most  insoluble  in  ether.  The  property  in  question  should,  there- 
fore, be  ascribed  in  part  to  each  of  these  causes. 

Considering  that  in  general  an  increase  of  specific  gravity  corres- 
ponds to  a  loss  of  latent  heat,  and  that  doubtless  these  different 
modifications  of  stearine  depend  on  difierences  of  latent  heat,  it 
became  an  object  to  take  their  specific  gravities  with  as  much  preci- 
sion as  possible.* 

The  following  table  shows  a  decided  difi'erence  in  the  density  of  the 
difi'erent  modifications.  Where  two  observations  on  the  same  sub- 
stance at  the  same  temperature  are  given,  they  were  made  on  different 
quantities  in  difi'erent  bottles  as  a  test  of  the  method.  Whatever  tem- 

*  As  there  are  other  instances  where  the  method  employed  might  be  used  with  some 
advantage,  a  description  of  it  may  be  useful.  A  portion  of  dry  stearine  was  put  into  a 
dry  stoppered  specific  gravity  bottle  and  weighed.  The  bottle  was  then  filled  with 
distilled  water,  inverted  in  a  beaker  containing  distilled  water,  and  the  whole  heated  to 
100°:  in  this  way  the  fat  melted,  and  allowed  any  adhering  air,  as  well  as  that  expelled 
from  the  water,  to  collect  in  a  single  globule ;  after  cooling,  the  bottle  was  taken  out  of 
the  beaker,  and  being  placed  in  its  ordinary  standing  position,  the  greater  part  of  the 
globule  of  air  rose  into  the  neck  of  the  bottle,  whence  it  was  expelled  by  filling  its  place 
with  water.  To  remove  the  air  which  still  adhered  to  the  fat,  a  tube  about  two  inches 
long,  and  wide  enough  to  admit  the  head  of  the  stopper,  was  attached  by  a  piece  of 
vulcanized  caoutchouc  tubing  to  the  neck  of  the  bottle,  and  filled  with  distilled  water. 
The  temperature  of  the  water  being  about  30°  degrees,  the  apparatus  was  placed  in  a 
beaker,  under  the  receiver  of  the  air-pump.  On  exhaustion,  the  remaining  air  in  the 
bottle  rose,  by  its  elastic  force,  through  the  orifice  in  the  stopper  and  through  the  water  in 
the  little  reservoir.  On  readmission  of  the  air  to  the  receiver,  the  water  in  the  reservoir 
was  forced  into  the  bottle  to  supply  the  place  of  the  removed  air.  The  bottle  being 
thus  filled  was,  after  removal  of  the  tube,  again  placed  on  its  side,  and  the  orifice  immersed 
in  a  beaker  of  distilled  water ;  by  bringing  the  temperature  of  the  water  in  the  beaker 
to  the  required  point,  that  in  the  bottle  was  brought  to  the  same,  and  all  the  different 
modifications  of  the  fat  successively  produced.  Before  taking  the  bottle  out  to  weigh 
it,  it  is  necessary  to  keep  the  temperattire  a  considerable  time  at  the  point  to  which 
the  determination  refers,  otherwise  the  slow  cooling  of  the  fat,  arising  from  its  great 
specific  heat  and  bad  conducting  power,  will  occasion  serious  errors. 
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perature  the  determination  is  referred  to,  water  at  the  same  tempera- 
ture is  the  unit. 


SPECIFIC    GRAVITIES. 


3rd  M.P.   of 

Temp,  at  which 

determination 

was  made. 

Modifications. 

substance. 

1. 

2. 

3. 

Fluid. 

65° 
66-5 

69-7    ^ 

15° 

15 

15 

15 

51-5 

65-5 

68-2 

0-9872 
0-9877 
0-9867 

0-9600 

1-0101 

10178 
1-0179 
1.0090 
0-9931 
0-9746 

0-9245 

The  volumes  corresponding  to  these  densities 

are  as  follows : 

3rd  M.P.  of 

Temp,  at  whicli 

determination 

was  made. 

Modifications. 

substance. 

1. 

2. 

3. 

Fluid. 

65° 

15° 

1-0129 



— 

— 

66-5 

15 

1-0124 

— 

— 

15 

1.0134 

0-9900 

0-9825 

— 

15 

— 

— 

0-9824 

— 

69-7    i 

51-5 

1-0416 

— 

0-9910 

— 

65-5 

— 

10069 

1-0816 

^ 

68-2 

— 

1-0260 

— 

From  these  tables  it  may  be  seen  that  the  density  does  not  change 
sensibly  with  the  condition  of  purity ;  that  the  third  modification  is 
denser  than  the  second ;  the  second  than  the  first ;  and,  as  might  be 
supposed,  that  the  fluid  modification  is  less  dense  than  any  of  the 
others ;  that  the  first  and  third,  at  least,  although  solids,  expand  much 
more  rapidly  with  increase  of  temperature  than  does  water,  a  property 
long  known  of  the  liquid  fats,  but  not  previously  determined,  I 
believe,  for  any  solid  fat;  that  between  15°  and  51-5°,  the  first  modifi- 
cation expands  more  than  the  third ;  it  is  however  to  be  remarked, 
that  at  the  higher  extremity  of  this  interval,  the  first  modification 
approaches  its  melting  point,  which  probably  influences  its  rate  of  ex- 
pansion. We  also  observe,  that  within  the  range  of  2-7°  between  the 
temperatures  65-6°  and  68-2°  the  third  modification  expands  0-0191 
parts  more  than  water;  witliin  the  range  of  14^'  between  the  tempera- 
tures 51-5°  and  65-5°,  it  expands  only  0-0159  parts  more  than  water; 
while  within  the  range  of  36-5",  between  the  temperatures  15"  and 
51-5",  it  expands  only  0  0086  parts  more  than  M'ater. 

There  can  be  no  doubt  that  a  greater  number  of  these  data  taken 
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by  the  more  convenient  and  exact  method  of  a  volumenometer,  would 
point  out  some  interesting  relations. 

None  of  these  modifications  conduct  electricity.  When  a  small 
portion  of  any  of  them  formed  part  of  the  circuit  of  a  very  intense 
current  produced  by  a  powerful  induced  magnet  with  three  DanielPs 
cells,  the  galvanometer  was  not  sensibly  deflected. 

Not  the  least  interesting  fact,  however,  is  that  this  property  of 
existing  in  three  modifications  is  not  peculiar  to  stearine  from  mutton 
fat ;  it  is  possessed  by  many  other  fats. 

At  the  same  time  that  I  prepared  stearine  from  mutton  fat,  I  also 
sought  it  in  beef  fat  with  the  view  of  submitting  to  investigation  the 
question  of  the  constitution  of  the  glycerine  fats  in  general,  as  regards 
their  products  on  saponification,  by  a  method  proposed  to  me  by  Dr. 
Williamson.  The  results  of  this  investigation  are  reserved  for  a 
future  communication. 

Artzbacher"^  seems  the  only  chemist  besides  Chevreul  who  has 
attempted  to  prepare  stearine  from  beef  fat.  The  stearine  obtained 
by  him  from  it  melted  at  60"6°. 

Commencing  with  the  same  quantity  of  it  as  of  the  mutton  fat,  viz., 
two  kilogrammes,  I  obtained,  after  eighteen  crystallisations  from  ether, 
not  more  than  a  gramme  of  substance  melting  at  63'^ ;  the  quantity 
being  now  so  small,  it  was  useless  to  pursue  the  purification  further, 
although  the  melting  point  of  the  residue  in  the  mother-liquor,  after 
removal  of  a  second  crop  of  crystals,  was  2*8°  below  that  of  the  first 
crop.  It  possessed,  however,  all  the  properties  of  mutton  stearine  of 
the  same  degree  of  purity,  so  that  63°  was  only  its  second  melting 
point. 

A  substance  which  is  probably  a  vegetable  tallow,  but  of  whose  his- 
tory I  know  little,  has  also  been  the  subject  of  investigation.  In  its 
crude  state,  it  is  of  a  pale  yellow,  cheese-like  appearance,  somewhat 
motley  from  parts  of  it  being  crystalline  and  others  waxy ;  it  has  a 
slightly  disagreeable  smell.  On  saponification,  it  yields  a  dirty  white 
soap  which  forms  a  brown  solution,  and  on  decomposition  by  strong 
acid,  liberates  an  acid  of  a  deep  brown  colour. 

After  one  crystallisation  of  this  substance  from  alcohol,  and  five 
from  ether,  there  remained  a  glycerine  fat,  which  melted  only  1-2° 
higher  than  the  residue  in  the  mother-liquor,  so  that  it  is  not  diflBcult 
to  purify.  Its  properties  were  then  analogous  to  those  of  stearine, 
but  like  the  purer  stearine,  it  does  not,  on  being  heated  continuously 
from  its  first  to  its  third  melting  point,  viz.,  from  45*6°  to  64'*5°, 
melt  at  any  intermediate  temperature,  but  when  the  temperature 
comes  to  62°,  its  appearance  quickly  changes  from  waxy  to  crystalline ; 
*  Ann,  Ch.  Pharm.  LXXX,  239.     Compt.  Rend.  trav.  chim.  1849,  343. 
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this,  and  the  results  of  some  experiments  similar  to  those  by  which 
the  existence  of  the  second  modification  was  shown  in  stearine  after 
its  second  melting  point  had  disappeared,  make  me  believe  that  this 
substance  really  has  a  second  melting  point  at  62°.  After  melting  at 
the  third  melting  point,  it  solidifies  in  less  time  than  does  stearine 
above  the  first  melting  point ;  so  that  in  order  to  bring  it  into  the 
first  modification,  it  must  be  cooled  somewhat  quickly,  in  less  than  an 
hour  at  most ;  but  at  whatever  temperature  it  solidifies,  it  has  the 
same  properties  as  if  it  had  been  melted  as  well  as  solidified  at  that 
temperature.  This  is  universally  the  case  ;  the  properties  of  the  solid 
fat  are  regulated  by  the  temperature  at  its  own  formation,  not  by 
that  at  which  the  antecedent  liquid  may  have  been  formed. 

The  corresponding  modifications  of  this  substance,  of  mutton-stearine 
and  of  beef-stearine  have  the  same  appearance  under  the  microscope. 
There  is  not  much  to  be  said  of  the  first  modification,  unless  that  it 
appears  as  mamillfe  radiated  like  hematite;  when  watched  under  the 
microscope,  these  mamillse  are  seen  to  form  suddenly  when  the  tem- 
perature falls  to  the  solidifying  point ;  the  second  modification  has  an 
exfoliated  appearance,  somewhat  suggestive  of  incipient  ciystallisation  j 
the  third  is  perfectly  crystalline,  and  by  proper  attention,  particularly 
in  the  case  of  the  vegetable  fat,  the  crystals  can  be  obtained  in  the 
dry  way  as  definite  in  form,  as  from  ether,  but  smaller.  So  far  as  the 
eye  can  judge  without  means  of  measiu'ement,  the  crystals  of  these 
three  substances  seem  isomorphous,  but  I  regret  I  have  not  been  able 
to  measure  their  angles. 

Palmitine,  from  palm  oil,  after  twelve  or  thirteen  ciystallisations 
from  ether,  margarine  from  butter,  and  also  margarine  from  human 
fat,  or  at  least  the  more  solid  portion  of  that  substance  after  two 
crystallisations  from  alcohol,  and  one  from  ether,  exhibited  similar 
phenomena  with  respect  to  variety  of  modification  and  melting  point. 

On  the  other  hand,  neither  elaidine,  cocinine,  nor  any  other  of  the 
substances  in  the  subjoined  table,  has  the  property  of  existing  in 
more  than  one  modification. 

In  seeking  for  some  feature  in  the  constitution  of  the  substances 
that  have  this  property,  which  would  separate  them  from  those  that 
have  not,  the  attention  is  arrested  by  the  fact,  that  most  of  the  sub- 
stances which  possess  it,  as  stearine,  palmitine,  margarine,  are  unques- 
tionably the  glycerine-fats,  corresponding  to  certain  members  of  the 
series  of  acids  of  the  formula  (CHjgn  0^.  while  among  those  substances 
which  do  not  possess  it,  there  is  not  one,  unless  we  except  cocinine, 
which    has    such   a  constitution.      In  reference  to  cocinine,   I  may 
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observe,  that  although  St.  Evre's*  analysis  of  cocinic  acid  agrees 
with  the  formula  C^^  Hjo  O^,  yet  he,  as  well  as  Bromcisf  describe  it 
as  destitute  of  one  character,  crystallisation  and  opacity  on  cooling, 
which,  so  far  as  is  known,  belongs  to  every  other  member  of  the 
series  of  acids  to  which  his  formula  assigns  it. 

In  the  following  table^  instead  of  the  formula  of  the  fats  themselves, 
are  written  those  of  the  acids  derivable  from  them ;  for  as  yet  con- 
siderable doubt  must  exist  as  to  those  of  the  fats.  In  the  other  cases 
the  formulae  of  the  substances  themselves  are  written. 


Mutton  stearine       .... 
Beef-stearine       .     .     .     .     , 
Substance  from  vegetable  tallow 
Palmitine  from  palm  oil    . 
Margarine  from  butter 
Margarine  (?)  from  human  fat 


Cocinine        

ElaidineJ 

Stearic  acid  .... 

Palmitic  acid  .... 
Margaric  acid  from  butter 
Stearic  ether  .... 
Cerotic  ether§  .... 
Cerotin  (alcohol)      .     .     . 

Cerotene 

Chinese  wax  .... 
Paraffin 


Formulae. 


C34  H3,  0, 
C34  H34  04 


^32   "^33  ^4 
C31  H34  O4 


22  22  4 
C36  H34  O4  I 
C3,  H3,  O4 

C34  H34  O4 

^38  ^38  O4 

C54  Hsfi  O2 

C54  H54 
'^lOS    ^108   ^-^4 

(CH),, 


Solidi- 
fying 
Points. 


517' 
50-5 
45  0 
45-5 
400 
43-5 

29-3 
23-7 
28-0 
65-8 
59-0 
50-5 
330 
60-0 
81-0 
57-0 
80  5 
43-5 


Melting  Points. 


1. 


52-0= 
51-0 
45-6 
46-0 
40-5 
44-2 

33.5 

38-0 

68-0 
61-0 
52-3 
33-7 
60-3 
8i-0 
57-8' 
81-0 
43-5 


64-2° 
63.0 
62-0 
61-7 
51-0 
54.5 


69-7° 

670 

64-5 

62-8 

52-6 

560 


XIX. — On  the  qualitative  separation  of  Arsenic,  Tin,  and  Antimony, 

By  Geo.  F.    Ansell. 

Although  a  great  many  processes  for  the  purposes  mentioned  have 
been  suggested,  processes  which,  in  the  hands  of  experienced  chemists, 
will  invariably  give  satisfactory  results,  a  method  is    still  wanted, 

*  Ann.  Ch.  Phys.  [3],  XX,  91.     Ann.  Ch.  Pharm.  LXIV,  341. 
t  Ann.  Ch.  Pharm.  XXXV,  277. 
X  The  solidifying  point  of  elaidiue  is  precarious. 

§  I  am  indebted  to  the  kindness  of  Mr.  Brodie  for  the  specimens  upon  which  I 
operated  of  the  five  last-mentioned  substances. 


SEPARATION    OP    ARSENIC,    TIN,    AND    ANTIMONY.  211 

sufficiently  simple  and  precise,  to  admit  of  being  used  by  the  beginner 
in  analytical  chemistry.  At  the  suggestion,  and  under  the  direction 
of  Dr.  Hofmann,  I  have  made  a  series  of  experiments  upon  this  sub- 
ject, and  now  beg  to  submit  the  result  to  the  Chemical  Society. 
The  precipitates  produced  by  sulphuretted  hydrogen  are  heated  with 
sulphide  of  ammonium  in  the  usual  way,  and  the  sulphide  of  ammo- 
nium solution  reprecipitated  with  hydrochloric  acid  and  hydrosul- 
phuric  acid. 

The  precipitate  thus  obtained,  which  may  consist  of  bisulphide  of 
tin,  pentasulphide  of  arsenic  and  pentasulphide  of  antimony,  and  occa- 
sionally of  the  sulphides  of  gold  and  platinum,  is  redissolved  in  nitro- 
hydrochloric  acid,  and  the  solution  poured  into  an  ordinary  apparatus 
for  generating  hydrogen  gas,  so  arranged  as  to  allow  of  washing  the 
gas  with  a  dilute  solution  of  acetate  of  lead,  which  absorbs  any  hydro- 
chloric acid  or  sulphuretted  hydrogen,  and  to  pass  the  mixture  of 
antimoniuretted  and  arseniuretted  and  free  hydrogen  into  a  test-tube 
half-filled  with  pure  concentrated  nitric  acid. 

If  the  gas  be  passed  moderately  slowly,  the  whole  of  the  metallic 
hydrides  are  decomposed ;  water,  arsenic  acid  and  antimonic  acid  being 
formed.  The  nitric  acid  solution  obtained  after  the  gaseous  mixture  has 
passed  for  about  a  quarter  of  an  hour,  is  evaporated ;  and  the  residue, 
after  being  exposed  to  a  tolerable  heat  upon  a  sand-bath,  in  order  to 
expel  the  last  traces  of  nitric  acid — which  is  an  essential  condition  of 
success,  inasmuch  as  antimonic  acid  is  slightly  soluble  in  water  contain- 
ing nitric  acid — contains  antimonic  acid,  arsenic  acid  and  arsenious  acid. 

The  residue  is  now  exhausted  with  warm  water,  which  takes  up 
all  the  arsenic  and  arsenious  acid.  The  aqueous  solution,  when  mixed 
with  nitrate  of  silver  and  neutralized  drop  by  drop*  with  ammonia, 
yields,  if  arsenic  be  present,  a  precipitate  of  arseniate  or  arsenite  of 
silver.  The  colour  of  this  precipitate  varies  to  a  considerable  extent :  if 
the  quantity  of  arsenic  be  considerable,  it  presents  the  pure  red  of 
the  arseniate  of  silver ;  but  when  the  quantity  of  ai'senic  is  minute  m 
proportion  to  the  amount  of  antimony,  the  heat  necessary  to  expel 
the  last  traces  of  nitric  acid,  reduces  part  of  the  arsenic  acid  to  the 
state  of  arsenious  acid,  the  silver-salt  of  which  imparts  a  yellow  tint 
to  the  precipitate  produced  by  nitrate  of  silver  and  ammonia.  This 
change  of  colour  in  the  precipitate  is  an  inconvenience,  but  it  does 
not  materially  affect  the  value  of  the  method  ;  since,  in  a  carefully  con- 
ducted operation,  the  formation  of  any  precipitate  whatever  indicates 
the  ])resence  of  arsenic. 

The  residue  which  is  left  after  complete  exhaustion  with  water 
is  antimonic  acid.     It  is  dissolved  in   the   smallest  amount  of  nitro- 

p  2 
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hydrochloric  acid ;  in  the  ordinary  analysis,  the  quantities  are  fre- 
quently so  minute  that  it  is  advisable  to  boil  filter  and  all  in  aqua  regia ; 
the  excess  of  acid  is  evaporated  as  far  as  possible,  and  the  remaining 
solution  is  mixed  with  sulphuretted  hydrogen  water.  If  a  trace  of 
antimony  be  present,  the  liquid  at  once  assumes  an  orange-yellow 
colour,  and  on  boiling,  decidedly  orange-yellow  flakes  are  separated. 

The  method  was  repeatedly  tried  by  myself  and  by  several  of  my 
fellow-pupils,  with  mixtures  in  which  either  one  milligramme  of 
arsenic  was  associated  with  ninety-nine  milligrammes  of  antimony,  or 
vice  versa,  one  of  antimony  with  ninety-nine  of  arsenic.  Both  arsenic 
and  antimony  could  be  detected  without  difficulty  if  the  operations 
were  carried  out  with  the  necessary  precautions. 

The  detection  of  tin  presents  no  difficulty.  The  whole  of  this 
metal  i*emains  in  the  apparatus  for  generating  hydrogen,  either  in  the 
form  of  protochloride,  or  in  the  shape  of  a  finely-divided  metallic  pre- 
cipitate. If  the  quantity  of  tin  is  considerable,  it  is  sufficient  to 
filter  the  liquid  in  the  apparatus,  and  to  add  to  the  filtrate  proto- 
chloride of  mercury.  A  white  precipitate  of  subchloride  of  mercury 
indicates  the  presence  of  tin.  Should  this  experiment  yield  no  result, 
the  metallic  precipitate  (tin  with  a  portion  of  antimony  and  arsenic) 
is  detached  from  the  plates  of  zinc,  and  dissolved  in  hydrochloric 
acid,  and  the  solution  tested  by  protochloride  of  mercury. 

It  need  scarcely  be  mentioned,  that  both  the  sulphuric  acid  and 
the  zinc  used  in  this  operation  must  be  perfectly  free  from  arsenic, 
tin  and  antimony. 

Note. — This  operation  is  more  successful  if  the  nitric  acid  be 
kept  hot  during  the  time  that  the  gases  are  passing,  but  this  is  not 
by  any  means  accessary.* 

If  antimony  be  present,  the  niti'ic  acid  will  soon  become  opaque, 
and  after  a  few  minutes  deposit  a  white  precipitate. 

*  Mr.  Ansell's  mode  of  testing,  which  is  particularly  calculated  for  small  quantities 
of  antimony,  may  be  conveniently  combined  with  an  additional  experiment  for  arsenic. 
Incredibly  minute  quantities  of  the  latter  element,  eveu  in  the  presence  of  a  very  large 
amount  of  antimony,  are  readily  and  infnlUhly  recognized  by  passing  the  mixture  of 
antiraoniuretted  and  arseniuretted  hydrogen  into  nitrate  of  silver.  As  is  well  known,  the 
whole  of  the  antimony  is  precipitated  in  the  form  of  antimonide  of  silver  (Sb  Agg), 
■while  every  trace  of  arsenic  remains  in  solution,  in  the  form  of  arsenious  acid.  On 
neutralizing  tlie  liberated  nitric  acid  by  ammonia,  the  characteristic  yellow  arsenite  of 
silver  is  precipitated.  If  the  gas  has  been  passed  for  a  long  time,  the  solution  is  some- 
times free  from  silver.  In  this  case,  the  silver  precipitate  of  course  appears  ouly  after 
the  addition  of  a  drop  of  nitrate  of  silver. 

The  separation  of  the  antimony  from  the  black  precipitate,  which  is  a  mixture  of 
metallic  silver  and  antimonide  of  silver,  is  attended  with  difficulties  ;  and  I  find  it  more 
convenient  to  use  Mr.  Ansell's  method  for  the  detection  of  minute  quantities  of 
antimonv. — A.  W.  H. 
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XX. — Observations  upon  a  new  series  of  Double   Chlorides 
containing  Diplatosammonium. 

By  G.  B.  Buckton,  F.L.S. 

The  consideration  of  the  action  of  cyanogen  upon  diplatosamine, 
communicated  on  a  former  occasion,  has  induced  me  to  undertake 
some  experiments  with  a  view  to  the  preparation  of  that  base  in  com- 
bination with  cyanic  acid.  In  the  course  of  this  examination,  I  have 
been  led  to  the  discovery  of  a  new  series  of  double  salts,  which 
appear  to  offer  some  interest.  A  description  of  these  salts,  together 
with  some  remarks  upon  chloride  of  diplatosammonium  with  chromic 
acid,  forms  the  subject  of  the  present  paper. 

CHLORIDE    OF    DIPLATOSAMMONIUM    AND    CHLORIDE    OF    LEAD. 

INIy  attention  was  first  directed  to  the  white  crystalline  precipitate 
which  falls  abundantly  on  mixing  concentrated  solutions  of  chloride 
of  diplatosammonium  with  acetate  or  nitrate  of  lead.  After  washing 
the  mass,  it  was  dissolved  in  boiling  water  and  filtered  whilst  hot. 
The  substance  reappeared  on  cooling,  inthe  form  of  small  quadrilateral 
plates  of  a  pearly  lustre,  which  often  were  sufficiently  thin  to  reflect 
the  colours  of  the  soap-bubble.  When  gathered  on  a  filter,  they 
appeared  as  a  mass  of  frosted  silver,  and  the  dry  crystals  resembled 
those  of  cholesterine. 

As  this  substance  did  not  decompose  at  a  heat  below  170°  C,  the 
portions  set  apart  for  analysis  were  all  dried  at  a  temperatui'e  between 
l]0°andl20°. 

I.     0'5948  gms.  of  substance  gave 
II. 


III. 


IV 


0-56I3 

chloride  of  silvcn-, 

equal  to 

0-1388 

chlorine. 

0  5308 

substance  gave 

0-5006 

chloride  of  silver 

0-1238 

chlorine. 

0-5700 

substance  gave 

0-5326 

chloride  of  silver 

01317 

chlorine. 

0-6012 

substance  gave 

0-2976 

suli)hate  of  lead. 

equal  to 

0-2033 

lead.     The  filtrate 

2  by  igni 

01971 

}} 

platinum. 

214        MR.  G.  B.  BUCKTON  ON  DOUBLE  CHLORIDES 

V.     06648  gms.  of  substance  gave 

0*3271  „  „  sulphate  of  lead 

0-2235  „  „  lead. 

VI.     0*7586  „  „  substance  burnt  with  oxide  of  copper 

0*1456  „  „  water,  equal  to 

0-016].  „  „  hydrogen. 

VII.     0-7530  „  „  substance,  with  soda  lime,  gave 

1-0820  „  „  platino-chloride  of  ammonium,  or 

0-0678  „  „  nitrogen. 

From  which  numbers  the  following  per-centagcs  are  calculated : 

I.  II.  III.  IV.  V.  VI.  VII. 

Chlorine  .  23-34  23-32  2310  _  _  _  — 

Lead  .      _  _          _  33-48  3362  —  — 

Platinum  .      _  _          _  32-67       _  _  — 

Hydrogen  ,      —  —          —  —         —  2-13  — 

Nitrogen  .      —  —          —  _         _  _  9-0 

which  correspond  to  the  formula : 

Pt  Hg  N2  CI  .  Pb  CI. 
The  theoretical  and  experimental  per-centages  are  as  follows  : 

Theory,  Experimental  mean. 


Pt 

.     9900 

32-19 

32-67 

H« 

.       600 

1-95 

2-13 

N. 

.     28-00 

9-10 

9-00 

Pb 

.  103-56 

33-67 

33-55 

CI2 

.     71-00 

23-15 

23-25 

307-56  10000  100-60 

This  substance  is  insoluble  in  alcohol,  and  also  in  hydrochloric  acid 
Concentrated  sulphuric  acid  freely  liberates  fumes  of  hydrochloric 
acid,  sulphate  of  lead  being  thrown  down.  Hydrosulphuric  acid 
isolatesxkloride  of  diplatosammoniura,  with  evolution  of  hydrochloric 
acid  and  precipitation  of  sulphate  of  lead,  which,  however,  always 
carries  down  a  portion  of  platinum,  and  renders  it  necessary  to 
estimate  the  lead  in  the  above  analysis  as  sulphate,  by  adding  sulphate 
of  ammouia  and  free  sulphuric  acid. 

A  convenient  method  of  preparing  this  salt,  presented  itself  as  a 
matter  of  course  in  the  direct  union  of  the  two  chlorides,  the  com- 
bination being  promoted  by  adding  hydrochloric  acid,  which  facilitates 
also  the  regular  crystallisation. 
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In  the  case  of  precipitation  by  acetate  of  lead,  as  might  have  been 
foreseen,  the  mother-liquor  yielded  on  concentration,  crystals  of 
acetate  of  diplatosamine,  to  identify  which,  the  substance  was  con- 
verted into  chloride  by  adding  hydrochloric  acid,  evaporated  to 
dryness,  and  after  solution  in  water,  precipitated  by  alcohol.  The 
platinum  obtained  by  ignition  left  no  doubt  of  the  composition  of 
this  salt.* 

The  deportment  of  chloride  of  diplatosammonium  with  chloride  of 
lead,  induced  me  to  study  several  other  double  compounds  of  this 
substance. 

CHLORIDE    OF    DIPLATOSAMMONIUM    AND    PROTOCHLORIDE    OF 
MERCURY. 

This  substance  falls  as  a  bulky  crystalline  salt,  which  is  easily 
soluble  in  boiling  water,  from  which,  after  filtration,  it  recrystallises 
in  plumose  groups  composed  of  a  multitude  of  cubes.  The  solution, 
when  rapidly  cooled,  yields  nacreous  plates,  not  unlike  those  of  the 
lead-salt.  This  substance,  like  all  those  hereafter  described,  produces 
more  regular  forms  from  an  acid  than  from  a  neutral  solution ;  and  its 
insolubility  in  hydrochloric  acid  may  be  seen  by  its  addition  causing 
a  partial  precipitation  in  the  saturated  aqueous  solution. 

I.     0  6574  gms.  of  salt  dried  at  120°,  gave  on  ignition 


0-2130 

J) 

„  platmum. 

II. 

0-5022 

J) 

„  salt  gave 

0-1640 

)> 

„  platinum. 

III. 

0-5156 

}) 

„  salt  gave 

0-4874 

}) 

„  chloride  of  silver,  equal  to 

0-1205 

)} 

„  chlorine. 

IV. 

0-5196 

}> 

„  salt  gave 

0-4880 

)} 

„  chloride  of  silver 

01207 

3> 

,,  chlorine. 

From  these  numbers  the  following  per-centages  are  deduced  : 

1.  II.  III.  IV. 

Platinum     .         .     32-49         32-65  —  — 

Chlorine      .         .       —  —  23-37     2323 

*     0'4050  gins,  of  substance  gave 
0-2838     „     „  platinum. 
Tlic  theoretical  and  experimental  per  centages  are  for, 

Pt  llg  Nj  CI 

Theory.  Experiment. 

Platinum  .     58/5  58-ol 
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which  are  in  accordance  with  the  formula  : 

Pt  He  N2  CI.  Hg  CI. 

The  numbers  required  by  theory  and  obtained  by  experiment  are 
annexed  for  comparison. 


Theory 

Experimental  mean. 

Pt 

.     990 

32-58 

32-57 

H,          . 

.       6-0 

1-97 

— 

N,          . 

.     28-0 

9-21 

- — 

Hg         . 

.  100-0 

32-89 

— 

CI,         . 

.     71-0 

23-35 

23-30 

304-0  10000 

This  compound  bears  a  considerable  temperature  without  decom- 
position. At  a  certain  point  it  fuses^  emitting  dense  fumes  of 
chloride  of  ammonium  and  chloride  of  mercury.  The  residue,  after 
ignition,  consists  of  a  compact  foil  of  pure  platinum,  which  lines  the 
vessel  in  which  the  operation  is  made. 

CHLORIDE  OF  DIPLATOSAMMONIUM  AND  SESQUICHLOBIDE  OF  IRON. 

The  union  of  these  solutions  does  not  result  in  the  formation  of  a 
double  chloride ;  but  a  yellowish  granular  substance  is  deposited, 
nearly  insoluble  in  water  and  in  ammonia.  This  salt  yields  a  yellow 
solution  with  caustic  potash,  from  which  it  is  again  thrown  down  by 
addition  of  hydrochloric  acid.  The  potash  solution  liberates  am- 
monia on  boiling,  and  the  dry  salt  disengages  hydrochloric  acid  when 
treated  with  sulphuric  acid. 

I.     0-3978  gms.  of  substance,  dried  at  110°  gave  on  ignition 
0-1922     „     „  platinum. 
II.     0-3970     „     „  substance  gave 
0-1930     „     „  platinum, 

corresponding  to  the  per-centages  : 

J.  ir. 

Platinum         .         .     48-31  48-61 

This  salt  is  therefore  the  chloride  of  Gros'  radical 
Pt  CI  Hg  N2  .  CI, 
which  requires  the  following  theoretical  numbers. 

Theory.  Mean  of  Experiment. 

Platinum         ,         .     48-41  48-46 
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After  precipitation  of  the  iron  solution  by  an  excess  of  the  platinum- 
salt,  it  will  no  longer  strike  a  black  colour  with  tincture  of  galls ;  and 
feiTocyanide  of  potassium  also  throws  down  a  nearly  colourless  pre- 
cipitate, thus  proving  that  the  iron  has  been  reduced  from  the  sesqui- 
chloride  to  the  protochloride,  the  disengaged  equivalent  of  chlorine 
having  united  itself  to  the  platinum-chloride  thus  : 

Pt  Hfi  N3  CI  +  Fcg  CI3  =  Pt  CI  He  N2,  CI  +2  (Ee  CI) 

The  salts  of  protoxide  of  iron  do  not  appear  to  be  acted  upon 
chloride  of  diplatosammonium. 

CHLORIDE    OF    DIPLATOSAMMONIUM    AND    CHLORIDE    OF    ZINC. 

On  mixing  the  concentrated  solutions,  a  very  soluble  salt  falls, 
which  may  be  recrystallised  in  colourless  plates,  possessing  the 
general  characters  of  the  substances  previously  described.  It  may  be 
conveniently  purified  by  precipitation  from  the  aqueous  solution  by 
alcohol,  and  after  drying  the  mass,  reproducing  the  crystals  from 
boiling  water.  This  substance  was  dried  at  110°,  and  gently  heated 
with  carbonate  of  soda.  After  washing  the  mass  with  water,  it  was 
digested  with  sulphuric  acid,  and  the  platinum -black  produced  was 
ignited  and  weighed. 

I.     06562  gms.  of  substance  gave 
0"2734     „     „  platinum. 
II.     0'51 76     „     „  substance 

0*6282     „     „  chloride  of  silver,  or 
0  1554     „     „  chlorine. 

The  calculated  per-centages  are  for  : 

I.  11. 

Platinum         .         .     41-66  — 

Chlorine         .  .       —  3002 

which  agree  with  the  formula 

Pt  Hg  No  CI .  Zn  CI. 

The  theoretical  and  experimental  numbers  for  100  parts  are : 

Theory.  Experimcut. 

Pt         .         .     99^00      ""IT-Se  41-66 


He 

N. 

Zn 
CL 


6-00  2-54                         — 

2800  11-84                         — 

32-52  13-74                        — 

71-00  3002  30  02 

236-52  10000 
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CHLORIDE    OF   DIPLATOSAMMONIUM    AND    CHLORIDE    OF    COPPER. 

This  double  compound  is  immediately  formed  on  mixing  the  two 
concentrated  solutions.  After  washing  the  precipitate  from  the 
copper-salt,  which  should  be  in  slight  excess,  and  drying  it  at  100°, 
it  has  a  beautiful  olive-green  colour,  and  is  composed  of  yellow  plates 
possessing  a  metallic  lustre.  As  this  salt  is  decomposed  by  boiling 
water,  it  cannot  be  purified  by  recrystallisation,  which  perhaps  may 
be  taken  as  some  apology  for  the  following  numbers,  which  are  only 
approximative,  yet  sufficiently  near  to  establish  the  formula. 

A  weighed  portion  was  gently  ignited  with  carbonate  of  soda, 
until  all  ammonia  was  driven  off ;  and  after  washing  the  mass,  it  was 
dissolved  in  nitrohydrochloric  acid,  concentrated,  and  then  ti'eated 
with  chloride  of  ammonium  and  a  large  excess  of  alcohol.  The 
platinum  was  determined  by  igniting  the  ammonio-bichloride  obtained, 
and  the  copper  was  estimated  from  the  filtrate  by  adding  potash  with 
the  usual  precautions. 


I. 

0-7600    gms.   of 

substance  gave 

0-3166       „      „ 

platinum,  and 

0-1364       „     „ 

oxide  of  copper 

or 

0-1088      „     „ 

copper. 

II. 

0-6458       „     „ 

substance  gave 

0-1126       „     „ 

oxide  of  copper 

or 

0-0898       „     „ 

copper. 

III. 

0-6948       „      „ 

substance  gave 

0-2875       „      „ 

platinum. 

The  per-centages  are : 

I. 

II. 

III. 

Platinum 

41-65 

— 

41-37 

Copper 

14-31 

13-90 

— 

From  which  is  deduced  the  formula 

Pt  Hg  Ng  CI .  Cu  CI. 

The  theoretical  and  experimental  numbers  are  : 

Theory. 

Experimental  mean. 

Pt 

.     99-00 

IlTS) 

41-51 

He        . 

.       600 

2-54 

— 

N^        . 

.     28-00 

11-85 

— 

Cu        . 

.     31-66 

13-41 

14-10 

CI,       . 

.     71-60 

30-30 

— 

236-26 


10000 
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Previous  to  solution  in  water,  the  crystals  of  this  substance  become 
colourless,  and  on  applying  heat,  a  heavy  granular  salt  is  formed, 
which  exibits  all  the  reactions  of  Gros'  chloride.  The  supernatant 
fluid,  which  becomes  of  a  pale  green  hue,  after  sufficient  concentra- 
tion, is  precipitated  by  alcohol  in  the  form  of  greenish  films,  which 
may  be  regarded  as  the  corresponding  salt  of  the  subchloride  of 
copper  and  diplatosammonium,  as  an  exactly  similar  substance  results 
from  the  union  of  these  bodies,  a  hydrochloric  solution  of  the  former 
being  employed.  The  reaction  therefore  appears  to  be  similar  to  that 
observed  in  the  case  of  sesquichloride  of  iron.  The  change  may  be 
thus  expressed  in  the  form  of  an  equation  :* 

2(Pt  Hg  N2  CI .  Cu  CI)  =  Pt  Hg  N2  CI .  Cu2  CI  +  Pt  CI  Hg  No  .  CI. 

The  double  salt  containing  the  chloride  of  copper  is  easily  soluble 
in  potash  with  which  it  forms  an  intense  blue.  It  is  decomposed  by 
heat,  with  deposition  of  oxide  of  copper. 

CHLORIDE    OF    DIPLATOSAMMONIUM    AND    PROTOCHLORIDE    OF    TIN. 

On  adding  an  acid  solution  of  the  latter  to  the  platinum -salt,  a  white 
voluminous  precipitate  falls,  which  is  easily  dissolved  by  heat ;  and  the 
solution  again  deposits  delicate  films  on  standing,  which  possess  the 
external  character  of  the  compounds  previously  described.  The 
crystals,  however,  in  this  case,  are  always  more  or  less  coloured  by 
binoxide  of  tin. 

This  decomposition  is  hastened  by  heating  the  solution,  which  turns 
to  a  deep  port-wine  red  colour,  and  deposits  a  powder  composed  of 
reduced  platinum  and  binoxide  of  tin,  chloride  of  ammonium  being 
formed  at  the  same  time. 

CHLORIDE    OF    DIPLATOSAMMONIUM    AND    BICHLORIDE     OF    TIN 

may  be  obtained  in  a  dry  state  by  precipitation  in  a  strong  acid  solution, 
and  subsequently  washing  the  mass,  first  with  hydrochloric  acid  and 
then  with  alcohol.  From  the  difficulty  in  obtaining  these  salts  of  tin 
in  a  sufficient  state  of  purity,  no  attempt  was  made  to  obtain  a  quantita- 
tive analysis. 

Chloride  of  diplatosammonium  and  chloride  of  barium  throw  down 
from  their  saturated  solutions  a  crystalline  precipitate,  whicli  proved 
to  be  merely  the  latter  salt,  isolated  by  the  difference  of  its  affinity  for 
water. 

*  Tills  equation  inolialjly  does  uol  express  the  whole  reaction,  as  a  secondary  product 
may  be  olitaincd  in  small  (luaiitity  I'roiu  the  filtiate  in  acicular  groups. 
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Nitrate  of  suboxide  of  mercury  does  not  form  any  double  compound 
when  added  to  chloride  of  diplatosammonium ;  and  no  union  of  chlo- 
ride of  silver  with  the  latter  substance  could  be  effected,  even  when  it 
was  previously  dissolved  in  ammonia. 

BICHROMATE    OF    DIPLATOSAMINE. 

Considering  the  well  marked  affinities  of  this  base,  I  was  curious 
to  study  its  behaviour  under  the  influence  of  chromic  acid,  thinking 
it  not  improbable  that  an  interesting  product  of  oxidation  might  arise 
from  the  action. 

Chromic  acid  forms,  with  chloride  of  diplatosammonium,  an  abun- 
dant yellow  precipitate,  sparingly  soluble  in  cold  water,  and  resembling 
chromate  of  lead.  From  a  hot  solution  it  is  deposited  in  minute 
cubic  grains,  which  are  insoluble  in  alcohol,  and  appear  to  be 
unaffected  by  dilute  sulphuric  acid.  They  do  not  contain  chlorine ; 
but  hydrochloric  acid  is  found  in  the  filtrate,  after  precipitation  of  the 
yellow  salt. 

For  analysis,  advantage  was  taken  of  the  peculiar  action  of  alcohol 
and  hydrochloric  acid  upon  the  solution  of  this  substance,  which  in 
boiling  is  resolved  into  sesquichloride  of  chromium,  aldehyde,  and  a 
crystalline  substance,  which  proved  to  be  the  chloride  of  Gros' 
radical.* 

As  the  substance  is  slightly  decomposed  at  100°,  the  salt  was  dried 
in  vacuo,  dissolved  in  water,  reduced  by  alcohol  and  hydrochloric  acid, 
evaporated  nearly  to  dryness,  and  seven  or  eight  times  the  volume  of 
alcohol  added  to  render  the  platinum-salt  insoluble.  After  standing, 
this  salt  was  filtered  off  and  ignited,  and  the  sesquioxide  of  chro- 
mium subsequently  precipitated  from  the  filtrate  by  ammonia.  In 
another  instance,  the  chromic  acid  was  precipitated  by  acetate  of 
lead,  and  the  platinum  was  obtained  by  igniting  the  salt  in  the 
filtrate. 

I.     0*6366  gms  of  substance  gave 

0*8443  „        „  chromate  of  lead  equal  to 

0"1451  „        „  chromium  and 

0-2594  „        „  platinum. 

*     0-5290  gms.  of  this  substance  gave,  on  ignition 
0-25C6     „     ,,  platinum. 
Tlie  chlonde  of  Gros'  salt  (Pt  CI  Ilg  Nj.  CI)  requires 

Theory.  Exj>eriraeiit. 

Platinum         .         .     48-41  48-50 
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II.     0-5448  gms.  of  substance  gave 

0"1776  „  „  sesquioxide  of  chromium  or 

0"1238  „  „  chromium  aud 

0-2224  ,,  „  platinum. 

III.     0-7498  „  „  substance  produced 

0-2381  „  „  sesquioxide  of  chromium 

0-1669  „  „  chromium  and 

0-3037  „  „  platinum. 

The  per-centage  composition  : 

Chromium 
Platinum 

This  substance  is,  therefore^  the  bichromate  of  diplatosamine,   the 
formula  of  which  is  : 

Pt  H6N20.2Cr03. 

For  comparison,  the  numbers  required  by  theory  and  the  mean  by 
experiment  are  subjoined : 


I. 
22-79 

22-72 

III. 
22-26 

40-74 

40-08 

40-51 

Theory. 

Experimental  mean, 

Pt 

.     990 

40-35 

40-44 

He        . 

.       6-0 

2-44 

— 

N,        . 

.     28-0 

11-41 

— 

Cr.,       . 

.     56-3 

22-95 

22-59 

0,        . 

.     56-0 

22-85 

— 

245-3  100-00 

From  these  numbers  it  appears  that  the  salt  is  anhydrous,  aud  so 
far  it  has  the  anomalous  constitution  of  the  corresponding  potash 
and  ammonia  compounds.  The  decomposition  effected  by  alcohol  and 
hydrochloric  acid  is  represented  by  the  following  equation : 

Pt  H6N2O.2  CrOg  +  C^IL  O.HO  +  5  H  Cl  = 

Pt  CI  Ilg  N2  .  Cl  +  Cr^  CI3  +  C,,  11^  O2+7  HO. 

I  have  failed  in  obtaining  more  than  two-thirds  of  the  calculated 
nitrogen  by  igniting  the  substance  with  soda-lime ;  and  no  increase 
was  observed  by  addition  of  a  small  quantity  of  sugar  previous  to 
burning.  An  explanation  is  found  in  the  fact,  that  pure  nitrogen  is 
energetically  liberated  when  the  salt  is  gently  heated.  The  decom- 
position is  accompanied  with  scintillation,  and  the  products  are  a 
black  powder  composed  of  platinum  and   sesquioxide  of  chromium, 
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nitrogen^  water^  and  ammonia.  The  salt  may  also  be  kindled  by  live 
charcoal  in  a  similar  manner  to  gunpowder. 

The  following  equation  represents  this  reaction  : 

3  (Pt  Hg  N2  0  .  2  Cr03)=Pt3  +  3  Crj  O3  +  2  NH3  +  I2  HO +  4  N. 

An  exactly  similar  decomposition  was  first  observed  by  Hayes  in 
the  bichromate  of  ammonia;  and  the  subject  has  since  been  more 
fully  investigated  by  Messrs.  Richmond  and  Abel. 

Monochromate  of  diplatosamine  is  formed  on  crystallising  the 
bichromate  from  an  ammoniacal  solution,  when  it  is  sometimes  depo- 
sited in  pale  yellow  groups  of  ci'ystals  having  the  lustre  of  floss-silk ; 
at  other  times  it  forms  large  cubical  masses. 

The  analyses  of  this  substance  have  not  been  very  concordant ;  but 
nevertheless,  the  numbers  are  such  as  to  leave  little  doubt  of  the 
formula  being  represented  by  Pt  Hg  N3  0  .  Cr  O3.  The  behaviour  of 
this  compound  is  similar  to  that  of  the  bichromate,  and  like  that  salt, 
it  is  soluble  in  potash,  which  does  not  liberate  ammonia  until  it  is 
boiled. 

From  the  foregoing  remarks,  it  will  be  seen  that  chloride  of  dipla- 
tosammonium  does  not,  in  the  generality  of  cases,  follow  the  order  of 
double  decomposition ;  but  that  a  direct  combination  of  the  two  chlo- 
rides in  the  above-mentioned  instances  ensues,  even  when  the  preci- 
pitant does  not  happen  itself  to  be  a  chloride.  The  platinum-radical 
has  also  a  marked  tendency  to  form  these  double  compounds,  as  it 
appears  to  be  immaterial  whether  sulphate  of  diplatosamine  be 
employed  to  precipitate  chloride  of  copper,  or  sulphate  of  copper  be 
used  with  chloride  of  diplatosammonium.*  The  mercury-salts  also 
seem  to  give  the  same  result  under  like  circumstances. 

The  composition  of  these  double  chlorides  is  satisfactorily  borne  out 
by  the  observation  of  Peyrone,  that  Magnus^  green  compound  is 
immediately  formed  on  mixing  chloride  of  diplatosammonium  with  a 
hydrochloric  solution  of  protochloride  of  platinum.  Magnus'  com- 
pound may  be  thus  regarded  as  a  binary  salt  of  this  series  : 

2  (Pt  H3  N  .  CI)  =Pt  He  N2  CI .  Pt  CI. 

Reiset  also  has  described  and  analysed  the  red  (yellow?)  compound 
containing  the  bichloride  of  platinum,  the  existence  of  which  might 
have  been  foreseen  after  the  existence  of  the  above  described  bodies 
had  been  established. 

*  In  this  case,  the  precipitated  salt  is  nearly  colourless,  unless  a  little  free  hydro- 
chloric acid  is  present. 
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XXI. — On  the  Acid  Oxalates  of  the  Earths. 
By  Edward  Clapton. 

In  the  Annales  de  Chiraie  [2]  LXXIII,  263,  M.  Berard  describes 
a  crystalline  oxalate  of  baryta,  which  he  found  to  contain  45 '04  per 
cent  of  baryta,  and  accordingly  viewed  as  consisting  of  the  earth 
combined  with  twice  the  amount  of  oxalic  acid  contained  in  the 
neutral  oxalate. 

M.  Darracq  had  also  previously  observed  a  binoxalate  of  baryta.* 

A  superoxalate  of  strontia,  of  doubtful  composition,  has  since  been 
described  by  Dr.  Thompson. 

There  have  been,  however,  more  recently,  some  doubts  cast  upon 
the  existence  of  superoxalates  of  this  class  of  oxides ;  but  the  inves- 
tigations about  to  be  detailed  show  that  they  can  easily  be  procured 
in  a  distinct  and  definite  form. 

acid  oxalate  of  baryta. 

When  about  equal  quantities  of  saturated  solutions  of  oxalic  acid 
and  chloride  of  barium  are  mixed  together,  no  cloudiness  appears  at 
first ;  but  after  the  lapse  of  perhaps  a  minute,  crystals  begin  to  form, 
and  presently  they  fall  in  abundance.  The  crystals  are  very  acute 
rhomboidal  plates;  they  are  soluble  in  336  parts  of  cold  water  at 
60°,  the  solution  reacting  and  tasting  strongly  acid ;  hot  water 
decomposes  them.  When  treated  with  a  solution  of  ammonia,  an 
oxalate  of  ammonia  is  formed,  leaving  behind  oxalate  of  baryta. 
Potash  acts  similarly.  The  salt  is  not  afiected  by  alcohol  or  ether. 
After  having  been  dried  in  vacuo,  the  salt  loses  nothing  at  212°  F.,  but 
by  a  heat  of  350°  F.,  water  is  given  off;  it  loses  oxalic  acid  at  about 
400°  F.  Subsequently  it  is  converted  into  carbonate,  with  evolution 
of  carbonic  oxide. 

In  order  to  determine  the  composition  of  this  salt,  the  following 
analyses  were  made : 

I.  14*15  grs.  of  salt,  dried  in  vacuo,  were  dissolved  in  dilute 
acid,  and  the  baryta  was  precipitated  by  sulphuric  acid. 
9*8  grs.  of  sulphate  of  baryta  were  obtained. 
II.  12' 6  grs.  of  a  different  preparation  similarly  treated,  gave 
8'9  grs.  of  sulphate  of  baryta. 
III.  22'41  grs.  heated  to  redness,  yielded  13*2  grs.  of  car- 
bonate of  baryta. 

*  Ann.  Ch.  Pliys.  [2]  XL,  G9. 
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These  results  give  the  following  per-centage  amounts  of  baryta  : 

I.  II.  III.  Average. 

Baryta     .     .     45-5  4635  45-74  45-86 

This  accords  well  with  the  amount  of  baryta  as  calculated  from 
the  formula,  BaO  .  C3  O3  +  HO  .  Co  O3  +  HO : 

Baryta  .  .  .  45-98 
Oxalic  acid  ,  .  43-22 
Water     .         .         .     10-80 


100-00 


The  mere  heating  of  the  salt  at  given  temperatures,  so  as  to  drive 
off  its  various  constituents,  did  not  give  very  accurate  numerical  results ; 
the  loss  at  350°  F.  upon  22-41  grs.  in  an  experiment  of  this  character, 
was  1-61  instead  of  1-21  ;  at  400°  F.  it  was  7-91.  instead  of  7-26. 

An  organic  combustion  of  the  salt  was  made.  12-75  grs.  yielded 
6-38  grs.  of  carbonic  acid,  and  1-6  grs.  of  water.  The  per-centage 
of  carbonic  acid  is  here  47-7,  instead  of  52-8,  the  loss  being  doubt- 
less caused  by  the  retention  of  some  carbonic  acid  by  the  baryta  in 
the  tube.  The  amount  of  hydrogen  in  this,  as  also  in  another 
experiment,  where  24-63  grs.  yielded  3-15  grs.  of  water,  little 
exceeds  the  calculated  amount. 

1st.  Experiment.  2ncl.  Experiment.  Calculated. 

1-39  per  cent.  1-42  per  cent.  1-2  per  cent. 

ACID   OXALATE    OF    STRONTIA. 

Upon  mixing  together  strong  solutions  of  oxalic  acid  and  chloride 
of  strontium,  crystals  presently  fall,  which  are  found  to  be  of  a 
mixed  kind,  presenting  large  rhomboidal  crystals  and  small  octahedra. 

The  general  characters  of  the  salt  are  similar  to  those  of  the  acid 
baryta-salt. 

When  heated  to  212°,  many  of  the  crystals  became  white  in 
colour,  and  water  was  given  off,  having  in  some  instances  a  slight 
acid  reaction. 

The  following  estimations  of  the  base  were  made  : 

I.  18-45  grs.  dried  at  212°  yielded  12-8  of  carbonate  of  strontia. 
II.  33-5   grs.  of  a  different  preparation  yielded  21'45   grs.  of  the 

carbonate. 
III.  19  grs.  of  a  portion  which  had  crystallized  slowly  from  the  solu- 
tion, after  the  first  crop  of  crystals  had  subsided,  yielded  11-3 
grs.  of  the  carbonate. 
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IV.  10  grs.  dried  in  vacuo,  gave  off  0*85  grs.  of  water  at  212°  F.^  and 

yielded  5*8  grs,  of  the  carbonate. 
V.  5*55  grs.  of  the  salt  prepared  by  recrystallising  the  acid  oxalate 
from    solution  in  hot  oxalic    acid,   yielded  3'4   grs.   of  the 
carbonate. 

These  results  are  very  discordant,  giving  respectively  the  fdflowiug 
percentage  amounts  of  strontia  : 

I.  II.  III.  IV.  V, 

Strontia  .     .     48-7         45         41-79         44-55*         43-2 

The  amount  of  strontia  is,  therefore,  in  every  instance  less  than 
would  be  given  by  the  neutral  oxalate,  viz.,  49  per  cent,  but  it  exceeds 
that  required  by  the  formula  SrO  .  C2O3  +  HO.C2  O3  +  HO,  viz. 
36-6  per  cent.,  or  SrO  .  C2O3  +  HO  .  C2O3,  viz.,  39-1  per  cent. 
However,  in  the  third  experiment  the  discrepancy  is  small.  In  all 
probability,  each  sample  of  salt  was  a  mixture  of  salts  of  different 
compositions  ;  but  there  can  be  no  doubt  whatever  that  they  contained 
at  least  one  acid  oxalate  of  strontia. 

LIME-SALT. 

An  attempt  was  made  to  produce  an  acid  oxalate  of  lime  by  similar 
means,  but  without  success ;  the  precipitate  which  fell  had  the  appear- 
ance of  neutral  oxalate  of  lime,  and  6*15  grs.  dried  at  212°  yielded 
4  grs.  of  carbonate  of  lime;  the  amount  obtained  from  a  substance 
of  the  formula  CaO  .  C2  O3  .  HO  would  be  4-2  grs. 

MAGNESIA-SALT. 

Very  strong  hot  solutions  of  sulphate  of  magnesia  and  oxalic  acid 
were  mixed  together.  A  white  powder  separated  which  was  almost 
insoluble  in  water  ;  upon  heating  it,  water  was  quickly  driven  off;  and 
by  a  red  heat,  it  was  found  that  8-97  grs.  yielded  2  69  grs.  of  mag- 
nesia, agreeing  with  the  formula  of  the  simple  oxalate  MgO  .  C3  O3. 
HO,  which  would  have  given  2-82  grs. 

Dr.  Gladstone,  who  has  kindly  watched  over  the  progress  of  this 
investigation,  desires  me  to  append  the  following  remarks  upon  the 
theoretical  bearing  of  these  results  : 

"  A  principal  point  of  interest  connected  with  these  acid  salts,  is 
the  corroborative  evidence  they  afford  of  the  bibasic  character  of  the 
contained  acid. 

"  Oxalic  acid  may  well  be  viewed  as  the  first  member  of  the  series 

*  Calculated  as  dried  at  212". 
VOL.    V. NO.    XTX.  Q 
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Cn  liji-i  0^,  01'  (viewing  them  as  bibasic)  C^  H^.^  Og.  This  scries 
advances  by  the  addition  of  multiples  of  the  increment  Cg  Hj :  the 
superior  members  are  succinic,  adipic,  pimelic,  suberic^  and  sebacic 
acids.  Pyrotartaric  acid  also  has  claims  to  be  considered  one  of  the 
same  group.  The  properties  common  to  these  acids  as  well  as  oxalic 
acid,  are  their  general  production  by  the  violent  oxidation  of  organic 
substances ;  their  resisting  most  methods  of  oxidation ;  their  being  solid 
and  crystalline  at  ordinary  temperatures ;  but  capable  of  fusion  and 
sublimation  though  partially  decomposed  if  rapidly  heated ;  and  their 
tendency  to  form  acid  as  well  as  neutral  salts,  and  amidic  acids  as 
well  as  amides.  Late  investigations  have  tended  to  show  that  these 
acids  should  be  considered  bibasic  ;  the  arguments  which  have  led  to 
this  conclusion  apply  equally  to  oxalic  acid.  The  rational  formula  of 
the  crystalline  oxalate  of  baryta  is,  therefore, 

Ba  0  .  HO  .  C,  Og  +  HO. 

"The  series  formed  by  the  above-mentioned  hydrated  acids  is  as 
follows  : 

Oxalic  acid 

Succinic 

Pyrotartaric 

Adipic  . 

Pimelic 

Suberic 

Sebacic 


c. 

H„ 

Os 

Cs 

h; 

Os 

^10 

Hs 

Os 

^12 

Hio 

Os 

Cu 

Hl2 

Os 

^16 

Hi4 

Os 

^20 

Hi8 

Os" 

XXII. — Researches  on  the  Anhydrous  Organic  Acids, 
By  Chas.  Gerhardt. 

(Continuation  from  a  Letter  to  Dr.  Wi  lliams  on.) 

In  continuing  the  researches  of  which  I  had  the  honour  of  com- 
municating the  commencement  to  the  Society,  I  have  found  a  valuable 
reagent  not  yet  used  in  organic  chemistry,  and  extremely  valuable  for 
the  preparation  of  various  chlorides  used  in  the  formation  of  anhy- 
drous acids.  This  reagent  is  the  oxychloride  of  phosphorus,  PO  CL,  a 
liquid  which  effects  the  decomposition  of  a  great  number  of  salts  as 
easily  as  it  decomposes  water,  and  enabled  me,  among  other  things, 
to  prepare  Acetic  chloride, 

Co    Hg    0    CI, 
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a  colourless  liquid,  very  mobile,  and  boiling  at  56°  C.  It  fumes 
slightly  in  the  air,  and  is  decomposed  by  water  into  acetic  and  hydro- 
chloric acids.  With  this  new  chloride,  I  have  obtained  several  new 
active  compounds  by  double  decomposition. 

I  prepare  acetic  benzoate  or  benzoic  acetate  by  the  action  of 
acetic  chloride  on  dry  benzoate  of  soda,  C^  Hj  0^  Na.  The  reaction 
is  very  brisk,  and  is  soon  completed  without  the  aid  of  external  heat. 
The  syrup  produced,  washed  with  water  and  carbonate  of  soda,  leaves 
an  oil  heavier  than  water,  neutral  to  test-paper,  and  possessmg  an 
agreeable  odour  of  Spanish  wine.  This  oil  is  easily  purified  from 
water  and  other  foreign  matters  by  agitation  with  ether  free  from 
alcohol ;  and  after  the  ether  has  been  removed  by  a  gentle  heat,  the 
product  shows  by  analysis,  the  composition  : 


C,H,03={C;H3  0|o 


Boiling  water  renders  it  acid,  but  the  complete  decomposition 
requires  a  long  action ;  and  the  intervention  of  alkalies  is  needed, 
as  in  the  case  of  ethers.  When  subjected  to  distillation,  acetic 
benzoate  separates  at  about  150°  into  anhydrous  acetic  acid  {acetic 
acetate)  and  anhydrous  benzoic  acid  {beyizoic  benzoate).  There  is 
evidently  a  double  decomposition  between  two  molecules : 

This  reaction  perfectly  explains  the  formation  of  anhydrous  acetic 
acid,  as  described  in  my  last  communication  (from  benzoic  chloride 
and  acetate  of  potassium). 

Acetic  cuminate  or  cuminic  acetate,  is  obtained  in  the  same 
manner  as  the  above  anhydride.  Fresldy  prepared,  it  is  a  fragrant 
oil,  which  preserves  its  liquid  form  in  a  stoppered  bottle ;  but  a  few 
moments  contact  with  the  air  is  sufficient  to  make  it  crystallise, 
magnificent  needles  being  formed,  until  the  mass  assumes  the  appear- 
ance and  consistency  of  frozen  olive  oil.  Analysis  shews  that  this 
change  of  state  is  accompanied  by  no  change  of  composition  of  the 
body: 

c,.iiu03={^;/i',;g}o 

I  have  also  succeeded  in  preparing  in  a  state  of  purity,  benzoic 
cinnamate,  or  cinnamic  benzoate,  a  heavy,  almost  inodorous  oil, 
containing 
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as  well  as  the  benzoic  cuminate  or  cuminic  benzoate,  a  similar  heavy 
oil,  containing : 

Finally  also,  anhydrous  cuminic  acid,  or  cuminic  cuminate,  is 
obtained  by  the  same  process,  in  the  form  of  a  heavy  oil,  resembling 
a  fatty  oil,  and  possessing  a  very  faint  smell.  This  oil  also  crys- 
tallises after  a  time ;  but  the  oil  and  the  crystals  present  the  same 

composition,  Coq  H22  O3  =|p'"  ^^^  O  I  ^ 

I  am  continuing  these  experiments  with  butyric,  valerianic,  and 
nitrobenzoic  acids,  and  hope  soon  to  be  able  to  communicate  my 
results  to  the  Society. 

In  concluding  this  notice,  I  wish  to  call  the  attention  of  chemists 
to  a  remarkable  analogy  which  exists  between  certain  organic  com- 
pounds belonging  to  the  type  water,  and  certain  others,  which  I 
compare  to  the  type  hydrogen,  as  represented  by  the  following 
parallel,  which  I  submit  to  the  consideration  of  experimenters. 

Tj  I  Free  hydrogen R    I  ^  Water 

Co  H^j  Hydride  of  Ethyl,  homo-    ^2^,\q  ^i^^\^^i 
H  J      logons  to  marsh-gas     .         H    f 

C:h:>%1 c!h:}0  Ether. 

C2H3OJ  Aldehyde       ....     ^2  H3  0|q  ^^^^..^  ^^^^^ 

C2  H3  0  1   .         ,        ,      .        .  C2  H3  0  1  Q  Anhydrous  acetic 

C2  H3  O  /  ^''^^y^^  ^°  ^^  *^™''       •     C2  H3  0  /  '^  acid. 

^  t/       |- Acetone P^  TT^       >  0  Acetate  of  Methyl, 

This  comparison  enables  me  to  foretel  that  acetyl,  and  in  general 
those  oxy  genised  groups  which  act  like  hydrogen  (oxygenised  radicals), 
will  be  obtained  by  the  reaction  of  the  corresponding  chlorides  on 
the  metallic  aldehydates ;  and  in  like  manner  the  ketones,  by 
acting  on  the  metallic  aldehydates  by  the  hydrochloric  ethers.  The 
experiments  and  considerations  published  on  this  last  point  by  M. 
Chancel  seem  to  me  quite  decisive. 


NOTICES 

OF 
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Report  upon  "Original  GraTities," 
By  Professors  Graham,   Hofmann,  and  Redwood. 

ADDRESSED  TO  THE  CHAIRMAN  OF  THE  BOARD  OF  INLAND  REVENUE. 

Sir, 

The  subject  of  the  present  inquiry  is  the  specific  gravity  of  the 
worts  of  beer.  When  worts  are  fermented  they  lose  in  density,  and 
assume,  as  beer,  a  different  specific  gravity.  This  last  is  of  course  the 
only  true  specific  gravity  of  the  beer,  but  the  specific  gravity  of  the 
worts  is  also  named  with  reference  to  the  beer,  as  the  original  specific 
gravity  of  the  beer,  or  the  original  gravity  of  the  beer. 

A  knowledge  of  the  original  gravity  of  beer  is  required  to  fix  the 
drawback  allowed  upon  beer  when  exported,  according  to  the  terms  of 
10th  Victoria,  cap.  5.  By  this  Act  a  drawback  is  granted  of  five 
shillings  per  barrel  of  thirty-six  gallons,  upon  beer  exported,  of  which 
''  the  worts  used  before  fermentation  were  of  not  less  specific  gravity 
than  1'054,  and  not  greater  specific  gravity  than  1-081  ;"  and  a 
drawback  of  seven  shillings  and  sixpence  per  barrel  upon  beer,  of 
which  "  the  worts  used  before  fermentation  were  not  of  less  specific 
gravity  than  1-081." 

The  original  gravity  of  beer  is  dii'cctly  observed  by  the  brewer  only, 
who  ascertains  the  specific  gravity  of  the  worts  of  each  brewing  opera- 
tion by  means  of  the  saccharometer,  or  other  form  of  the  hydro- 
meter, and  preserves  a  record  of  the  observation.  To  enable  the 
revenue  officer  to  arrive  independently  at  the  same  information,  he 
possesses  the  beer  only  from  which  to  infer  the  specific  gravity  of  the 
worts.  It  is  the  special  object  of  the  following  investigations  to 
discover  how  the  original  gravity  of  beer  may  be  ascertained  most 
accurately  from  the  })ropcrties  of  the  beer  itself. 

The  question  has  already  been  examined  by  foreign  chemists — by 
Otto  and  Zenneck,  and  especially  by  Balling  of  Prague;  as  well 
as  by  Messrs.  Dobson   and  Phillips  of  the  department  of  Inland 
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Revenue^  whose  previous  researches  have  greatly  facilitated  the  present 
inquiry. 

The  same  properties  of  the  beer  have  been  generally  had  recourse 
to  as  likely  to  throw  light  upon  the  original  gravity  of  the  liquid,  and 
obviously  suggest  themselves.  These  are — 1°,  the  specific  gravity  of 
the  beer  itself  (the  beer  gravity) ;  2°,  the  proportion  of  alcohol  the 
beer  contains  (the  spirit-indication  of  the  beer),  to  be  ascertained  by 
distillation  and  other  practical  methods ;  and  3°,  the  proportion  of 
uufermented  solid  matter  held  in  solution  by  the  beer  (the  extract  or 
extractive  matter  of  the  beer).  The  liquid  from  which  the  volatile 
alcohol  has  been  expelled,  and  which  contains  the  extractive  matter, 
when  made  up  again  to  the  original  volume  of  the  beer  by  the  addi- 
tion of  the  necessary  quantity  of  water,  represents  the  beer  without  its 
spirit ;  and  it  is  by  the  greater  or  less  specific  gravity  of  this  liquid 
that  the  proportion  of  extract  in  the  beer  has  been  generally  estimated. 
The  extract  gravity  of  the  beer  is  thus  obtained. 

As  the  alcohol  of  the  beer  is  derived  from  the  decomposition  of 
saccharine  matter  only,  and  represents  approximately  double  its  weight 
of  starch-sugar,  a  speculative  original  gravity  might  be  obtained  by 
simply  increasing  the  extract  gravity  of  the  beer  by  that  of  the  quan- 
tity of  starch-sugar  known  to  be  decomposed  in  the  fermentation. 
The  inquiry  would  then  reduce  itself  to  the  best  means  of  ascertain- 
ing the  two  experimental  data,  nameh^,  the  extract  gravity  and  the 
proportion  of  alcohol  in  the  beer,  particularly  of  the  latter.  It  would 
be  required  to  decide  whether  the  alcohol  should  be  determined  from 
the  gravity  of  the  spirits  distilled  from  the  beer ;  by  the  increased 
gravity  of  the  beer  when  its  alcohol  is  evaporated  off ;  by  the  boiling 
point  of  the  beer,  which  is  lower  the  larger  the  proportion  of  alcohol 
present ;  or  by  the  refracting  power  of  the  beer  upon  light — various 
methods  recommended  for  the  valuation  of  the  spirits  in  beer. 

Original  gravities  so  deduced,  however,  are  found  to  be  useless, 
being  in  error  and  always  imder  the  truth,  to  an  extent  which  has  not 
hitherto  been  at  all  accounted  for.  The  theory  of  brewing,  upon  a 
close  examination  of  the  process,  proves  to  be  less  simple  than  is 
implied  in  the  preceding  assumption  ;  and  other  changes  appear  to 
occur  in  worts,  simultaneously  Avith  the  formation  of  alcohol,  which 
would  require  to  be  allowed  for  before  original  gravities  could  be 
rightly  estimated.  It  was  found  necessary  to  study  the  gravity  in 
solution  of  each  by  itself,  of  the  principal  chemical  substances  which 
are  found  in  fermented  liquids.  These  individual  gravities  defined 
the  possible  range  of  variation  in  original  gravity,  and  they  brought 
out  clearly  for  the  fii'st  time  the  nature  of  the  agencies  which  chiefly 
affect  the  result. 

The  use  of  cane-sugar  is  now  permitted  in  breweries,  and  the 
solution  of  sugar  may  be  studied  first  as  the  wort  of  sim])lest  compo- 
sition.    The  tables   of  the  specific  gravity  of  sugar  solutions,  con- 
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structed  by  Mr.  Bate,  have  been  verified,  and  are  considered  entirely 
trustworthy.  The  numbers  in  the  first  and  third  columns  of  Table  I., 
which  follows,  are,  however,  from  new  observations.  It  is  to  be 
remarked  that  these  numbers  have  all  reference  to  weights,  and  not 
to  measures.  A  solution  of  cane-sugar,  which  contains  25  grains  of 
sugar  in  1000  grains  of  the  fluid,  has  a  specific  gravity  of  1010*1, 
referred  to  the  gravity  of  pure  water  taken  as  1000 ;  a  solution  of  50 
grains  of  cane  sugar  in  1000  grains  of  the  fluid,  a  specific  gravity  of 
1020*2,  and  so  on.  The  proportion  of  carbon  contained  in  the  sugar 
is  expressed  in  the  second  column ;  the  numbers  being  obtained  from 
the  calculation  that  171  parts  by  weight  of  cane-sugar  (Cj2  H^^  Oj^) 
consist  of  72  parts  of  carbon,  11  parts  of  hydrogen,  and  88  parts 
of  oxygen ;  or  of  72  parts  of  carbon  combined  with  99  parts  of  the 
elements  of  water.  It  is  useful  to  keep  thus  in  view  the  proportion 
of  carbon  in  sugar  solutions,  as  that  element  is  not  involved  in  several 
of  the  changes  which  precede  or  accompany  the  principal  change 
which  sugar  undergoes  during  fermentation,  and  which  changes  only 
aflect  the  proportion  of  the  oxygen  and  hydrogen,  or  elements  of 
water,  combined  with  the  carbon.  The  proportion  of  oxygen  and 
hydrogen  in  the  altered  sugar  increases  or  diminishes  during  the 
changes  referred  to ;  but  the  carbon  remains  constant,  and  afibrds, 
therefore,  a  fixed  term  in  the  comparison  of  difi'erent  solutions. 

Table  I. 

SPECIFIC    GRAVITY    OF    SOLUTIONS    OF    CANE-SUGAR    IN    WATER. 


Cane-Sugar,  in 

1000  parts  by 

weight. 

Carbon  in  1000 
parts  by  weight. 

Specific 
Gravity. 

25 

10-53 

10101 

50 

21-05 

1020-2 

75 

31-58 

10302 

100 

4210 

1040-6 

125 

52-63 

1051 

150 

63-16 

1061-8 

175 

73-68 

1072-9 

200 

84-21 

1083-8 

225 

94-73 

1095-2 

250 

105-26 

1106-7 

When  yeast  is  added  to  the  solution  of  cane-sugar  in  water,  or  to 
any  other  saccharine  solution,  and  fermentation  commenced,  the 
specific  gravity  is  observed  to  fall,  owing  to  the  escape  of  carbonic 
acid  gas,  and  the  formation  of  alcohol,  which  is  specifically  lighter  than 
water;  171  grains  of  sugar,  together  with  9  grains  of  water,  being 
converted  into  92  grains  of  alcohol  and  88  grains  of  carbonic  acid 
(C,2  III,  0,1-1-110  =  2  C,  II,  Oo-f  4  CO2).     But  if  the  process  of  fer- 
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mentation  be  closely  watched,  the  fall  of  gravity  in  cane-sugar  will  be 
found  to  be  preceded  by  a  decided  increase  of  gravity.  Solutions 
were  observed  to  rise  from  1055  to  1058,  or  3  degrees  of  gravity, 
within  an  hour  after  the  addition  of  the  yeast,  the  last  being  in  the 
usual  i)roportion  for  fermentation.  When  the  yeast  was  mixed  in 
minute  quantity  only,  such  as  -^^  of  the  weight  of  the  sugar, 
the  gravity  of  the  sugar  solution  rose  gradually  in  four  days  from 
1055  to  1057"91,  or  also  nearly  3  degrees  ;  with  no  appearance,  at  the 
same  time,  of  fermentation  or  of  any  other  change  in  the  solution. 
This  remarkable  increase  of  density  is  owing  to  an  alteration  which 
takes  place  in  the  constitution  of  the  cane-sugar,  which  combines  with 
the  elements  of  water  and  becomes  starch-sugar,  a  change  which  had 
been  already  proved  by  H.  Hose  and  by  Dubrunfaut,  to  precede 
the  vinous  fermentation  of  cane-sugar.  The  same  conversion  of 
cane-sugar  into  starch-sugar,  with  increase  of  specific  gravity,  may  be 
shown  by  means  of  acids  as  well  as  of  yeast.  A  solution  of  1000 
parts  of  cane-sugar  in  water,  having  the  specific  gravity  1054*64, 
became  with  1  part  of  crystallised  oxalic  acid  added  to  it  1054*7;  and 
being  aftei'wards  heated  for  twenty-three  hours  to  a  temperature  not 
exceeding  128°  Fahr.,  it  was  found  (when  cooled)  to  have  attained  a 
gravity  of  1057"63 — an  increase  again  of  nearly  3  degrees  of 
gravity. 

In  the  table  of  starch-sugar,  which  follows,  the  influence  of 
this  conversion  upon  specific  gravity  is  shown  by  placing  together 
the  gravities  of  cane-sugar  and  of  the  starch-sugar  into  which  it 
is  convertible,  and  which  therefore  contain  equal  quantities  of 
carbon. 

Table  II. 

COMPARISON    OF    THE    SPECIFIC    GRAVITIES    OF    SOLUTIONS    OF    CANE-SUGAR   AND 

STARCH-SUGAR  containing  equal  uuantities  of  CARBON. 


Cane-Sugar 
contained  in  1000 

Specific  gravity 

Specific  gravity 

parts  by  weiglit 
of  Solution. 

of  solution  of 
Cane-Sugar. 

of  solution  of 
Starch-Sugar. 

25 

10101 

1010-4 

50 

1020-2 

1020-8 

75 

1030-2 

1031-3 

100 

1040-6 

1042-4 

125 

1051 

1053-5 

150 

1061-8 

1064-9 

175 

1072-9 

1076 

200 

1083-8 

1087-8 

225 

1095-2 

1099-4 

250 

1106-7 

lJll'4 
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When  yeast  is  added  to  a  solution  of  starch-sugar,  or  of  cane  sugar 
previously  converted  by  means  of  oxalic  acid,  or  by  yeast  itself,  into 
starch-sugar,  the  rise  of  gravity  described  is  no  longer  observed  to 
precede  fermentation.  Hence  the  irregularity  does  not  appear  in  an 
infusion  of  malt,  which  contains  starch-sugar,  and  the  attenuation  of 
malt  worts  commences  with  the  first  action  of  the  yeast,  and  advances 
without  interruption  till  the  fermentation  is  completed. 

It  is  already  evident  from  these  statements,  that  the  original 
gravity  of  a  fermented  liquid  or  beer  must  be  different,  according  as 
it  was  derived  from  a  wort  of  cane-sugar  or  of  starch-sugar. 

A  comparison  was  next  made  of  the  specific  gravities  of  solutions 
of  pale  and  of  brown  malt  with  the  solutions  of  the  two  pure  sugars. 
The  carbon  determined  by  actual  combustion  in  organic  analysis,  is 
the  same  in  all  the  four  solutions,  of  which  the  gravities  are  given  in 
the  same  line,  and  is  the  proportion  which  exists  in  25,  50,  75,  &c., 
parts  of  cane-sugar,  as  in  Table  I. 

Table  III. 

SPECIFIC  GRAVITY  OF  SOLUTIONS  OF  PALE  MALT,  BROWN  MALT,  AND  STARCH- 
SUGAR,     CONTAINING   EaUAL    dUANTITIES    OF   CARBON. 


Solution  of 
Pale  Malt. 

Solution  of 
Brown  Malt. 

Solution  of 
Starch-Sugar. 

Parts  of  Cane-Sugar 

corresponding  in  1000 

parts  by  weight  of 

Solution. 

1010-0 

10100 

1010-4 

25 

1 020-3 

1020-2 

1020-8 

50 

1030-6 

1030-6 

1031-3 

75 

1041-2 

1041-2 

1042-4 

100 

1052-1 

1052-0 

1053-5 

125 

10630 

1062-9 

1061-9 

150 

1074-2 

1074-0 

1076-0 

175 

1085-5 

1085-5 

1087-8 

200 

1097-2 

1097-2 

1099-4 

225 

1109-0 

1109-0 

1111-4 

250 

It  is  interesting  to  observe  how  closely  the  gravities  of  the  pale  and 
brown  malt  agree  together  through  the  whole  range  of  the  Table. 
The  gravities  are  often  identical,  and  in  no  case  differ  more  than  0-2 
degree.  This  indicates  a  greater  uniformity  of  density  in  the  worts 
of  different  varieties  of  malt  than  could  have  been  anticipated,  and  it 
gives  a  character  of  constancy  to  the  density  of  malt  wort,  which  is 
highly  satisfactory. 

The  density  of  the  malt  worts  also  approaches  that  of  the  pure 
starch-sugar,  but  is  always  a  little  less  by  about  1  degree  of  gi*avity 
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in  35.  Malt  wort  appears,  iudeedj  intermediate  between  the  two 
pure  sugars.  We  have,  for  instance,  solutions  containing  an  equal 
quantity  of  carbon,  which  exhibit  the  following  gravities : 


Cane-Sugar 
Pale  Ualt    . 
Starch- Sugar 


1072-9 
1074-2 
1076-0 


Now,  if  the  whole  carbon  of  malt  wort  were  present  in  the  form  of 
starch-sugar,  the  gravity  of  the  wort  should  somewhat  exceed  that  of 
the  pure  starch-sugar  solution,  as  a  small  proportion  of  alkaline  and 
earthy  salts  exist  in  the  malt  infusion,  and  must  add  to  its  gravity. 
The  carbon  present  in  the  small  quantity  of  albumen  of  the  malt 
could  not  affect  the  result  materially  in  either  way. 

But  there  are  two  other  substances  related  to  sugar,  of  which  the 
interference  in  malt  infusions  may  be  anticipated,  namely.  Dextrin, 
or  the  gum  of  starch,  and  Caramel.  These  are  both  forms  of  the 
sugar  principle,  the  transition  from  the  one  condition  to  the  other 
depending  upon  the  fixation  of  the  elements  of  water  in  the  substance, 
or  the  liberation  of  a  proportion  of  water.  Observations  were  in 
consequence  made  of  the  gravities  of  pure  solutions  of  dextrin  pre- 
pared from  starch,  and  of  caramel  produced  by  the  proper  application 
of  heat  to  sugar. 

Table  IV. 

SPECIFIC  GRAVITIES  OF  SOLUTION'S  OF  CARAMEL,  DEXTRIN,  AND  STARCH- 
SUGAR,  CONTAINING    EftUAL    QUANTITIES    OF    CARBON. 


Soiution  of 
Caramel. 

Solution  of 
Dextrin. 

Solution  of 
Starch-Sugar. 

Parts  of  Cane- Sugar 

corresponding  in  1000 

parts  by  weight  of  . 

Soiution.    gsj^3 

1008-7 

1009-7 

1010-4 

25 

1017-3 

1019-3 

1020-8 

50 

1026-2 

1028-8 

1031-3 

75 

1034-9 

1038-3 

1042-4 

100 

1043-8 

1047-9 

1053-5 

125 

1052-8 

1057-3 

1064-9 

150 

1062-3 

1066-9 

1076-0 

175 

1071-8 

1067-6 

1087-8 

200 

1081-3 

1086-3 

1099-4 

225 

1091-0 

1095-8 

1111-4 

250 

It  will  be  observed  that  the  gravities  of  both  caramel  and  dextrin 
are  considerably  less  than  those  of  starch-sugar,  and  that  consequently 
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the  presence  of  either  of  these  substances^  taking  the  place  of 
starch-sugar  in  a  malt  infusion,  must  lower  the  specific  gravity  of  the 
latter.  The  following  solutions  of  the  three  difierent  substances, 
containing  the  same  quantity  of  carbon,  appear  by  the  Table  to  have 
different  gravities : 

Starch-Sugar        .         .         .     1076 
Dextrin         ....     1066-9 
Caramel       ....     1063-3 

The  solution  of  cane-sugar  containing  the  same  quantity  of  carbon, 
has  the  specific  gravity  of  1072-9,  and  contains  175  grains  of  cane- 
sugar  in  1000  grains  of  the  solution,  or  17'5  per  cent  of  cane-sugar. 
It  follows  that  this  proportion  of  the  saccharine  principle  may 
present  itself  with  specific  gravities  varying  from  1076  to  1062"3,  in 
the  different  forms  which  it  can  assume.  A  certain  quantity  of 
dextrin  generally  exists  in  the  wort  of  malt,  which  may  be  thi'own  down 
by  alcohol.  Dextrin  was  prepared  in  a  pure  state  from  this  source. 
Its  presence  is,  of  course,  due  to  the  incomplete  saccharization  of 
the  starch  of  malt  in  the  process  of  mashing. 

With  regard  to  the  existence  of  the  other  substance,  caramel,  in 
malt  infusions,  the  extreme  facility  with  which  starch-sugar  is  altered 
by  heat,  would  lead  us  to  look  for  the  production  of  caramel  in  the 
kiln-drying  of  malt,  particularly  of  brown  malt.  Its  production  is 
indicated  by  the  dark  colour  of  the  infusion  of  the  highly  dried  malt. 
Of  the  3  or  4  per  cent  of  black  malt  used  for  coloui-ing  porter,  the 
whole  soluble  portion  appears  also  to  be  caramel.  It  may  be  further 
added,  that  the  use  of  caramel  prepared  from  sugar,  as  a  colouring 
ingredient  of  porter,  is  now  permitted  in  breweries. 

A  substance  resembling  caramel  in  some  of  its  properties  is  de- 
veloped in  fermented  liquids  in  another  way.  The  saccharine  matter 
of  the  wort  is  never  wholly  converted  into  carbonic  acid  and  alcohol 
in  the  most  favourable  circumstances,  a  portion  of  solid  matter  always 
i-emaining,  which  is  no  further  fermentable  even  after  the  alcohol  is 
distilled  off  and  fresh  yeast  applied.  This  residuary  matter  is 
generally  spoken  of  as  a  gummy  substance,  but  when  obtained  by 
the  fermentation  of  pure  sugar,  it  partakes  more  of  the  characters  of 
caramel,  or  of  glucic  acid,  particularly  in  the  low  gravity  of  its  solution 
in  water.  Of  pure  cane-sugar  fermented,  4*4,  3-72,  and  3-7  per  cent 
was  converted  into  this  substance  in  three  fermentations,  in  which 
one  and  a  half,  three,  and  six  measures  of  yeast  were  employed  to  one 
hundred  measures  of  solution,  containing  one-seventh  of  its  weight 
of  sugar. 

The  extractive  substance  resembling  caramel  was  obtained  in  the 
form  of   a  dai-k  brown  syruj),  by  evaporating  the  liquid  after   fer- 
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mentation  had  entirely  ceased.  It  reddened  litmus-paper,  contained 
lactic  acidj  and  was  distinctly  sour  and  slightly  bitter  to  the  taste. 
That  this  residuary  substance  contained  no  longer  any  starch-sugar, 
appeared  from  the  fact,  that  on  mixing  its  diluted  solution  with 
caustic  potash,  and  heating  it,  the  colour  was  not  sensibly  darkened. 
It  was  no  longer  fermentable  by  yeast,  and  it  did  not  become  so  (like 
dextrin)  after  being  boiled  with  sulphuric  acid.  It  resembled  caramel 
in  giving  with  sulphate  of  copper  and  caustic  potash  in  excess  a 
transparent  blue  solution,  from  which  suboxide  of  copper  was  thrown 
down  on  the  application  of  heat.  It  is  precipitated  by  baryta-water, 
and  gives  with  subacetate  of  lead  a  brown  precipitate,  which,  how- 
ever, is  more  voluminous  and  paler  in  colour  than  the  precipitate 
from  pure  caramel.  Neutral  acetate  of  lead  precipitates  a  portion 
only  of  this  substance,  proving  that  it  is  not  a  single  principle,  but  a 
mixture  of  two  or  more  substances. 

A  solution  of  it  compared  with  that  of  caramel,  obtained  by  heating 
cane-sugar  to  410°  Fahr.,  and  both  containing  the  same  proportions 
of  carbon,  gave  very  similar  densities. 

Table  V. 

SPECIFIC  GRAVITIES  OF  SOLUTIONS  OF  CARAMEL  FROM  CANE-SUGAR,  AND  OF 
THE  EXTRACTIVE  SUBSTANCE  FROM  THE  FERMENTATION  OF  SUGAR,  CONTAINING 
EftUAL    aUANTITIES  OF    CARBON. 


Solution  of  Caramel. 


c,  ,    , .         /•  r-   .       ,•       Parts  of  Cane-Susar  correspond- 
Solution  of  Extractive  .        .     ,  „„n        r    i  ■  \  4.    e 

substance.  Solution. 


1008-7 

1008-9 

1017-3 

1017-8 

1026-2 

1026-5 

1034-9 

1035-5 

1043-8 

1044-7 

1052-8 

1053-9 

1062-3 

1063-0 

1071-8 

1072-7 

1081-3 

1082-3 

25 
50 
75 
100 
125 
150 
175 
200 
225 


This  extractive  substance  appears  to  interfere  more  than  dextrin  in 
giving  lightness  or  apparent  attenuation  to  fermented  worts,  without 
a  corresponding  production  of  alcohol.  Its  effect  becomes  the  more 
sensible  the  more  nearly  the  worts  are  exhausted  by  fermentation.  It 
is  produced  in  the  fermentation  of  both  kinds  of  sugar  and  also  of 
malt.  There  appears  to  be  a  certain  uniformity  in  the  proportion  of 
saccharine  matter  which  undergoes  this  change  in  every  brewing. 


REPORT    UPON    ORIGINAL    GRAVITIES.  237 

judging  from  the  correspondence  of  different  beers  in  their  gravities, 
at  the  same  stage  of  fermentation,  which  shall  afterwards  be  exhibited. 
It  causes  a  marked  irregularity  in  the  progression  of  the  gravities 
when  the  fermentation  is  carried  to  an  extreme,  as  it  is  in  distilleries ; 
but  in  brewing  beer  the  fermentation  is  always  arrested  at  a  point  in 
its  progress  too  early  to  allow  the  effect  of  the  extractive  substance 
upon  the  gravity  to  become  very  conspicuous. 

The  indication  by  gravity  of  the  extractive  substance  is  so  much 
lower  than  that  of  starch-sugar,  that  the  former  substance  only 
indicates  about  five-sixths  of  the  saccharine  principle  which  has  given 
rise  to  it.  Hence  it  is  that  original  gravities  cannot  be  calculated  on 
the  assumption  that  the  solid  matter  in  beer  is  sugar,  or  a  substance 
having  the  same  gravity  as  sugar. 

In  the  maturation  of  beer  by  time,  an  increase  of  attenuation  is 
observed,  which  is  no  doubt  chiefly  due  to  the  slow  continuation  of 
the  vinous  fermentation,  with  the  disappearance  of  sugar  and  for- 
mation of  alcohol ;  but  there  is  some  reason  to  believe  that  the 
attenuation  is  not  entirely  due  to  that  cause.  Part  of  the  loss  of 
gravity  appears  to  be  occasioned  by  the  change  in  condition  of  the 
saccharine  principle  from  that  of  starch-sugar  to  the  condition  of  the 
extractive  substance,  a  change  which  involves  a  loss  of  specific  gravity 
without  a  corresponding  production  of  alcohol. 

Another  constituent  of  malt  wort,  which  should  not  be  omitted,  is 
the  soluble  azotized  or  albuminous  principle  derived  from  the  grain. 
The  nitrogen  was  determined  in  a  strong  wort  of  pale  malt  with 
hops,  of  the  specific  gravity  1088,  and  containing  about  21  per 
cent  of  solid  matter.  It  amounted  to  0*2 17  per  cent,  of  the 
wort,  and  may  be  considered  as  representing  3*43  per  cent  of 
albumen.  In  the  same  wort,  after  being  fully  fermented,  the 
nitrogen  was  found  to  amount  to  0"134  per  cent,  equivalent  to  2'11 
per  cent  of  albumen.  The  loss  observed  of  nitrogen  and  albumen 
may  be  considered  as  principally  due  to  the  production  and  growth  of 
yeast,  which  is  an  insoluble  matter,  at  the  cost  of  the  soluble  albu- 
minous matter.  Solutions  of  egg-albumen  in  water,  containing  3'43 
and  2' 11  per  cent  respectively  of  that  substance,  were  found  to  have 
the  specific  gravities  of  100 1*2  and  1003'1.  Hence  a  loss  of  density 
has  occurred  during  fermentation  of  I'l  degree  on  a  wort  of  1088 
original  gravity,  which  can  be  referred  to  a  change  in  the  ])roportion 
of  albuminous  matter.  It  will  be  observed  that  the  possible  infiuence 
of  this  substance  and  of  the  greater  or  less  production  of  yeast  during 
fermentation,  upon  the  gravity  of  beer,  arc  restricted  within  narrow 
limits. 

The  mineral  constituents  of  the  same  worts,  consisting  of  soluble 
salts  of  the  earths  and  alkalies,  amounted  before  fermentation  to 
01 13    per   cent,    and    after  fermentation  to  0'463  per  cent.     The 
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proportion  of  these  substances  may  therefore  be  supposed  to  remain 
constant. 

The  process  required  for  the  determination  of  the  original  gravity 
of  beer,  must  be  easy  of  execution,  and  occupy  little  time.  It  is  not 
proposed,  in  the  examination  of  a  sample,  to  separate  by  chemical 
analysis  the  several  constituents  which  have  been  enumerated.  In 
fact,  we  are  practically  limited  to  two  experimental  observations  on 
the  beer,  in  addition  to  the  determination  of  its  specific  gravity. 

One  of  these  is  the  observation  of  the  amount  of  solid  or  ex- 
tractive matter  still  remaining  after  fermentation,  which  is  always 
more  considerable  in  beer  than  in  the  completely  fermented  wash  of 
spirits.  A  known  measure  of  the  beer  might  be  evaporated  to  dry- 
ness, and  the  solid  residue  weighed,  but  this  would  be  a  troublesome 
operation,  and  could  not  indeed  be  executed  with  great  accuracy. 
The  same  object  may  be  attained  with  even  a  niore  serviceable 
expression  for  the  result,  by  measuring  exactly  a  certain  quantity  of 
the  beer,  such  as  four  fluid  ounces,  and  boiling  it  down  to  somewhat 
less  than  half  its  bulk  in  an  open  vessel,  such  as  a  glass  flask,  so  as 
to  drive  off  the  whole  alcohol.  The  liquid  when  cool  is  made  up  to 
four  fluid  ounces,  or  the  original  measure  of  the  beer,  and  the  specific 
gravity  of  this  liquid  is  observed.  It  has  already  been  referred  to  as 
to  the  extract  gravity  of  the  beer,  and  represents  a  portion  of  the 
original  gravity.  Of  a  beer  of  which  the  history  was  known,  the 
original  gravity  of  the  malt  wort  was  1121,  or  121  degrees;  the 
specific  gravity  of  the  beer  itself  before  evaporation,  1043 ;  and  the 
extract  gravity  of  the  beer  1056-7,  or  56*7  degrees. 

The  second  observation  which  can  be  made  with  sufficient  facility 
upon  the  beer,  is  the  determination  of  the  quantity  of  alcohol  con- 
tained in  it.  This  information  may  be  obtained  most  directly  by 
submitting  a  known  measure  of  the  beer  to  distillation,  continuing 
the  ebullition  till  all  the  alcohol  is  brought  over,  and  taking  care  to 
condense  the  latter  without  loss.  It  is  found  in  practice  that  four  ounce- 
measures  of  the  beer  form  a  convenient  quantity  for  the  pur])ose.  This 
quantity  is  accurately  measured  in  a  small  glass  flask,  holding  1750 
grains  of  water  when  filled  up  to  a  mark  in  the  neck.  The  mouth  of 
the  small  retort  containing  the  beer  is  adapted  to  one  end  of  a  glass 
tube-condenser,  the  other  end  being  bent  and  drawn  out  for  the 
purpose  of  delivering  the  condensed  liquid  into  the  small  flask 
previously  used  for  measuring  the  beer.  The  spirituous  distillate 
should  then  be  made  up  with  pure  water  to  the  original  bulk  of  the 
beer,  and  the  specific  gravity  of  the  last  liquid  be  observed  by  the 
weighing  bottle,  or  by  a  delicate  hydrometer,  at  the  temperature  of 
60°  Fahr.  The  lower  the  gravity  the  larger  wall  be  the  pi-oportion  of 
alcohol,  the  exact  amount  of  which  may  be  learned  by  reference  to 
the  proper  tables  of  the  gravity  of  spirits.     The  spirit-gravity  of  the 
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beer  already  referred  to,  proved  to  be  985 '95  ;  or  it  was  14-05  degrees 
of  gravity  less  than  1000  or  water.  The  "spirit-indication"  of  the 
beer  was  therefore  14"05  degrees ;  and  the  extract  gravity  of  the  same 
beer  56'7  degrees. 

The  spirit-indication  and  extract  gravity  of  any  beer  being  given, 
do  we  possess  data  sufficient  to  enable  us  to  determine  with  certainty 
the  original  gravity  ?  It  has  already  been  made  evident  that  these 
data  do  not  supply  all  the  factors  necessary  for  reaching  the  required 
number  by  calculation. 

The  formation  of  the  extractive  matter,  which  chiefly  disturbs  the 
original  gravity,  increases  with  the  progress  of  the  fermentation ;  that 
is,  with  the  proportion  of  alcohol  in  the  fermenting  liquor.  But  we 
cannot  predicate  from  theory  any  relation  which  the  formation  of  one 
of  these  substances  should  bear  to  the  formation  of  the  other,  and  are 
unable,  therefore,  to  say  beforehand  that  because  so  much  sugar  has 
been  converted  into  alcohol  in  the  fermentation,  therefore  so  much 
sugar  has  also  been  converted  into  the  extractive  substance.  That  a 
uniform,  or  nearly  uniform  relation,  however,  is  preserved  in  the 
formation  of  the  spirits  and  extractive  substance,  in  beer-brewing, 
appears  to  be  established  by  the  observations  which  follow.  Such  an 
uniformity  in  the  results  of  the  vinous  fermentation  is  an  essential 
condition  for  the  success  of  any  method  whatever  of  determining 
original  gravities,  at  least  within  the  range  of  circumstances  which 
affect  beer-brewing.  Otherwise  two  fermented  liquids  of  this  class, 
which  agree  in  giving  both  the  same  spirit-indication  and  the  same 
extractive  gravity,  may  have  had  different  original  gravities,  and  the 
solution  of  our  problem  becomes  impossible. 

The  fermentation  of  liquids  of  known  composition  and  original 
gravity,  containing  pure  cane-sugar,  pure  starch-sugar,  and  the 
soluble  matter  of  malt,  the  latter  both  with  and  without  hops,  was 
now  repeated,  and  the  wort  examined  in  each  fermentation  at  ten  or 
twelve  different  stages  of  its  progress,  or  after  short  periods  of  a  few 
hours.  The  two  required  observations  of  the  spirit-indication  and 
extract  gravity  were  made  on  every  occasion,  with  certain  additional 
observations  which  shall  again  be  referred  to. 

The  details  of  these  and  the  numerous  other  fermentations  referred 
to,  were  conducted,  under  our  directions,  by  j\Ir.  Adam  Young 
and  Mr.  C.  B.  Forscy  (officers  of  Inland  Revenue),  lately  of  the 
Birkbcck  Laboratory,  to  whom  we  have  great  ])leasure  in  acknow- 
ledging our  obligations  for  the  valuable  aid  which  a  perfect  acquaint- 
ance with  the  subject,  and  remarkable  skill  in  experimenting, 
combined  with  the  most  untiring  zeal,  could  supply. 

The  results  of  a  particular  fermentation  of  cane-sugar  may  be 
stated.  Fifteen  and  a  half  pounds  of  refined  sugar  were  dissolved  in 
10  gallons  of  water,  making  10-2-  gallons  of  solution,  of  which  the 
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specific  gravity  was  1055-3  at  60°;  and  after  adding  three  fluid 
pounds  of  fresh  porter  yeast,  the  specific  gravity  was  1055*95.  The 
original  gravity  maybe  taken  as  1055-3  (55-3  degrees). 


FERMENTATION    OF    SUGAR- WORT    OF    ORIGINAL    GRAVITY    1055-3. 


I. 

II. 

ill. 

IV. 

V. 

Number  of 

Period  of 

Degrees  of 

Degrees  of 

D  egree  of 

Observation. 

Fermentation. 

Spirit 
Indication. 

Extract 
Gravity. 

Extract 
Gravity  lost. 

Davs.     Hours. 

1 

0         0 

0 

55-30 

0- 

2 

0         6 

1-59 

52-12 

3-18 

3 

0       12 

2-57 

47-82 

7-48 

4 

0       19 

3-60 

43-62 

11-68 

5 

0       23 

4-33 

40-13 

15-17 

6 

1         5 

5-31 

35-50 

19-80 

7 

1       12 

6-26 

31-39 

23-91 

8 

1       19 

7-12 

27-63 

27-67 

9 

2       11 

8-59 

20-26 

3504 

10 

3       11 

9-87 

13-40 

41-90 

11 

5       12 

10-97 

7-60 

47-70 

12 

6       12 

11-27 

4-15 

5115 

Columns  III.  and  v,  i-espectively  exhibit  the  spirit  which  has  been 
produced,  and  the  solid  matter  which  has  disappeared ;  the  first  in 
the  form  of  the  gravity  of  the  spirit,  expressed  by  the  number  of 
degrees  it  is  lighter  than  water,  or  under  1000,  and  the  second  by 
the  fall  in  gravity  of  the  solution  of  the  solid  matter  remaining 
below  the  original  gravity  1055-3.  This  last  value  will  be  spoken 
of  as  ''  degrees  of  gravity  lost ;"  it  is  always  obtained  by  subtract- 
ing the  extract  gravity  (column  iv.)  from  the  known  original 
gravity.  To  discover  whether  the  progress  of  fermentation  has  the 
regularity  ascribed  to  it,  it  was  necessary  to  observe  whether  the 
same  relation  always  holds  between  the  columns  of  "  degrees  of 
spirit-indication^^  and  "  degrees  of  gravity  lost.''  It  was  useful,  with 
this  view,  to  find  what  degrees  lost  corresponded  to  whole  numbers  of 
degrees  of  spirit-indication.  This  can  be  done  safely  from  the  pre- 
ceding Table,  by  interpolation,  where  the  numbers  observed  follow 
each  other  so  closely.  The  corresponding  degrees  of  spirit-indication 
and  of  gravity  lost,  as  they  appear  in  this  experiment  upon  the  fer- 
mentation of  sugar,  are  as  follows  : 
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FERMENTATION    OF    SUGAR-WORT,    OF    ORIGINAL    GRAVITY    1055-3. 


Degrees 

of 

Degrees  of  Extract 

Spirit-Indication. 

Gravity  lost. 

1 

1-71 

2 

4-74 

3 

9-26 

4 

13-48 

5 

18-30 

6 

22-54 

7 

2701 

8 

31-87 

9 

37-12 

10 

42-55 

11 

47-88 

In  two  other  fermentations  of  cane-sugar,  the  degrees  of  gravity 
lost,  found  to  correspond  to  the  degrees  of  spirit-indication,  never 
differed  from  the  numbers  of  the  preceding  experiment,  or  from  one 
another,  more  than  0-9  degree  of  gravity  lost.  This  is  a  sufficiently 
close  approximation. 


FERMENTATION    OF    SUGAR-WORT    OF    ORIGINAL    GRAVITY    1054-7,  A;    AND    OF 

SUGAR-WORT  of  original  gravity  1028-8,  B. 


Degrees  of 
Spirit- Indication. 

Degrees  of  Extract 
Gravity  lost. 

A. 

B. 

1 

2-01 

1-94 

2 

5-15 

4-84 

3 

9-22 

9-90 

4 

13-95 

1410 

5 

18-09 

18-31 

6 

23-16 

22-61 

7 

2705 

27-51 

8 

32-26 

9 

37-40 

10 

42-16 

11 

47.56 

The  observations  of  the  three  experiments  were  combined  in  the 
following  Table,  which  exhibits  the  mean  results.  Besides  the  degrees 
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of  gravity  lost  corresponding  to  whole  degrees  of  spirit-indication,  the 
degrees  of  gravity  lost  corresponding  to  tenths  of  a  degree  of  spirit- 
indication  are  added  from  calculation. 


Table  VI. — Cane-Sugar. 

DEGREES    OF    SPIRIT-INDICATION    WITH    CORRESPONDING    DEGREES    OF 
GRAVITY    LOST. 


Degrees 
of  Spirit- 

•0 

•1 

•2 

•3 

■4 

•5 

•6 

•7 

•8 

•9 

Indication. 

0 



•2 

•3 

•5 

•7 

•9 

1-0 

1-2 

1-4 

~I^ 

1 

1-9 

21 

2-4 

2-7 

30 

3-3 

3-6 

3-9 

4-2 

4-6 

2 

50 

5-4 

5-8 

6-2 

6-6 

7-0 

7-5 

8-0 

8-5 

90 

3 

9-5 

99 

10-3 

10-7 

11-2 

11-6 

12-0 

12-4 

12-8 

13-3 

4 

13-8 

14-2 

14-6 

15-0 

1.5-5 

15-9 

16-3 

lG-7 

17-2 

17-7 

5 

18-3 

18-7 

19-1 

19-5 

19  9 

20-3 

20-8 

21-2 

21-7 

22-2 

C 

22-7 

231 

23-5 

23-9 

24-4 

24-7 

25-2 

25-6 

261 

26-6 

7 

27-1 

27-6 

28-1 

28-6 

291 

29-6 

300 

30-5 

31-0 

31-5 

8 

320 

32-5 

330 

33-5 

340 

34-5 

350 

35-5 

360 

36-6 

9 

37-2 

37-7 

38-2 

38-7 

39-2 

39  7 

40-3 

40-8 

41-3 

41-8 

10 

42-4 

42-9 

43-4 

440 

44-5 

45-0 

45-6 

46-1 

46-6 

47-2 

11 

47-7 

It  is  seen  fi'om  this  Table  that  for  5  degrees  of  spirit-indication, 
the  corresponding  degrees  of  gravity  lost  are  18-3  degrees.  For  5-9 
degrees  of  spirit-indication,  the  corresponding  degrees  of  gravity 
lost  are  22*2  degrees. 

This  Table  is  capable  of  a  valuable  application,  for  the  sake  of 
which  it  was  constructed.  By  means  of  it,  the  unknown  original 
gravity  of  a  fermented  liquid,  or  beer,  from  cane-sugar,  may  be  dis- 
covered, provided  the  spirit-indication  and  extract  gravity  of  the  beer 
are  observed.  Opposite  to  the  spirit-indication  of  the  beer  in  the 
Table,  we  find  the  corresponding  degrees  of  gravity  lost,  which  last, 
added  to  the  extract  gravity  of  the  beer,  gives  its  original  gravity. 

Suppose  the  sugar-beer  exhibited  an  extract  gravity  of  7*9  degrees 
(1007'9),  and  spirit-indication  of  11  degrees.  The  latter  marks, 
according  to  the  Table,  47*7  degrees  of  gravity  lost,  which  added  to 
the  observed  extract  gravity,  7*9  degrees,  gives  55-6  degrees  of 
original  gravity  for  the  beer  (1055'6). 

The  table  which  follows  was  constructed  in  the  same  manner  for 
starch-sugar,  from  two  fermentations  of  the  pure  substance,  and  gives 
the  means  of  calculating  the  original  gravity  of  liquids  fermented 
from  starch-sugar,  when  the  spirit-indication  and  extract  gravity  of 
the  beer  are  known  from  experiment.  The  extreme  deviation  between 
the  two  series  of  observations  was  0-8  degree  of  gravity  lost. 
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Table  VII. — Starch-Sugar. 

DEGREES    OF    SPIRIT-INDICATION     WITH     CORRESPONDING     DEGREES     OF 
GRAVITY    LOST. 


Degrees 
of  Spirit- 

•0 

•1 

•2 

•3 

•4 

•5 

•6 

•7 

•8 

.9 

indication. 

0 



•3 

•6 

•9 

1-2 

15 

1-8 

21 

2-4 

2-7 

1 

3-0 

3-3 

3-7 

4-0 

4-4 

50 

5-0 

5-4 

5-8 

6-2 

2 

6-6 

70 

7-4 

7-8 

8-2 

8-6 

90 

9-4 

9-8 

10-3 

3 

10-7 

11-1 

11-5 

120 

12-4 

12-9 

13-3 

13-7 

14-1 

14-5 

4 

150 

15-4 

15-9 

16-4 

16-8 

17-3 

17-7 

18-2 

18-7 

19-2 

5 

19-7 

201 

20-6 

21-0 

21-5 

22-0 

22-5 

23-0 

23-5 

24-0 

6 

24-5 

25-0 

25-4 

25-9 

26-4 

26-8 

27-3 

27-8 

28-3 

28-8 

7 

29-3 

297 

302 

30-7 

311 

31-6 

32-0 

32-5 

330 

33-5 

8 

310 

34-5 

35-0 

35-5 

36-0 

3G-5 

370 

37-5 

38-0 

38-5 

9 

39-0 

39-5 

40-1 

40-6 

411 

41-7 

42-2 

42-8 

43-3 

43-9 

10 

44-5 

451 

45-8 

46-5 

The  numbers  will  be  observed  to  diiFer  from  those  of  the  preceding 
Table  for  cane-sugar,  and  to  be  all  greater,  the  differences  increasing 
pretty  uniformly  with  the  higher  degrees  of  spirit-indication.  The 
corresponding  numbers  for  10  degrees  of  spirit-indication  are  42  4  in 
cane-sugar,  and  44*5  in  starch-sugar,  or  a  difference  of  2"1  degrees  of 
gravity  lost.  By  this  difference  the  original  gravity  of  the  beer  of 
starch-sugar  is  increased  over  that  of  cane-sugar,  as  should  be  the 
case  ;  the  specific  gravity  of  starch-sugar  being  always  higher  than 
that  of  cane-sugar  containing  an  equal  weight  of  carbon^  and  capable 
of  yielding  an  equal  quantity  of  spirits.      (See  Table  II.) 

The  three  Tables  for  malt  w^orts  of  different  kinds  which  follow, 
will  be  found  to  agree  well  with  each  other,  and  also  to  accord  closely 
^vith  the  preceding  Table  for  pure  starch-sugar  worts. 

Table  VIII. — Pale  Malt  without  Hops. 

DEGREES    OF    SPIRIT-INDICATION    WITH     CORRESPONDING     DEGREES     OF 
GRAVITY    LOST. 


Degrees 
of  Spirit- 

•0 

•1 

■2 

■3 

•4 

•5 

•6 

•7 

•8 

•9 

Indication 

0 



•3 

•6 

•9 

1-2 

1-5 

1-8 

2-2 

25 

2-8 

1 

3-2 

3-6 

39 

4-3 

4-6 

50 

5-4 

5-8 

G-2 

6-6 

2 

70 

7-4 

7-8 

82 

8-6 

8-9 

9-4 

9-8 

10-3 

10-7 

3 

11-2 

11-6 

121 

12-6 

130 

13-4 

13-8 

14-2 

14-6 

150 

4 

15-5 

15-9 

lG-4 

lG-9 

17-3 

17-7 

18-1 

18-6 

191 

19-5 

5 

200 

20-5 

20-9 

21-3 

21-8 

22-2 

22-7 

231 

23-6 

241 

6 

246 

25  0 

25-5 

25-9 

2G-3 

26-8 

27-3 

27-8 

28-3 

28-8 

7 

29-3 

29-7 

30-2 

30-7 

31-2 

31-7 

32-2 

32-7 

33-2 

33-7 

8 

31-2 

31-7 

3r.2 

35-7 

36-3 

3G-9 

37"5 

38-1 

38-6 

391 

9 

39-5 

400 

40-5 

41  0 

u  2 


214 


REPORT    UPON    ORIGINAL    GRAVITIES. 


The  results  given  are  the  meaus  of  the  observations  of  two  fer- 
mentations of  pale  malt  without  hops,  which  accorded  throughout 
within  1  degree  of  gravity. 


Table   IX. — Pale  Malt  with  Hops. 

DEGREES    OF    SPIRIT-INDICATION    WITH    CORRESPONDING    DEGREES     OF 
GRAVITY    LOST. 


Degrees 
of  Spirit- 

•0 

•1 

•2 

•3 

•4 

•5 

•6 

•7 

•8 

•9 

Indication. 

0 



•2 

•5 

•7 

10 

1-3 

1-6 

1-9 

2-2 

2-5 

1 

2-8 

3-1 

3-4 

3-7 

4-0 

4-4 

4-8 

5-2 

5-5 

5-9 

2 

6-3 

6-7 

71 

7-5 

8-0 

8-4 

8-8 

9-2 

9-6 

10-0 

3 

10-5 

10-9 

11-3 

11-8 

12-2 

12-7 

131 

13-6 

140 

14-5 

4 

150 

15-4 

15-8 

16-3 

16-7 

17-1 

17-6 

18-0 

18-5 

190 

5 

19-5 

199 

20-4 

20-9 

21-3 

21-7 

22-2 

22-7 

23- 1 

23-5 

6 

23-9 

24-4 

24-8 

25-3 

25-7 

26  2 

26-6 

270 

27-4 

27-9 

7 

28-4 

28-9 

29-4 

29-9 

30-4 

30-8 

31-2 

31/ 

32-2 

32-7 

8 

33-2 

The  results  are  the  means  of  the  observations  of  two  fermentations 
of  pale  malt  with  hops,  which  corresponded  throughout  within  0'49 
degree  of  gravity  lost. 

Table  X. — Brown  and  Palt  Malt. — Equal  Weights. 


DEGREES    OF    SPIRIT-INDICATION    WITH     CORRESPONDING     DEGREES     OF 
GRAVITY    LOST. 


Degrees 
of  Spirit- 

•0 

•1 

•2 

•3 

•4 

•5 

•6 

•7 

•8 

•9 

Indicalion. 

0 

— 

•3 

•6 

•9 

1-2 

1-5 

1-8 

2-1 

2-4 

2-8 

1 

31 

3-4 

3-7 

40 

4-3 

4-7 

51 

5-5 

5-9 

6-2 

2 

G-6 

7.0 

7-4 

7-8 

8-2 

8-6 

9-0 

9-4 

9-8 

10-2 

3 

10-5 

10-8 

11-3 

11-7 

12-2 

12-6 

13-0 

135 

13-9 

14-0 

4 

14-8 

15-2 

15-6 

161 

16-5 

170 

17-4 

17-8 

18-2 

18-6 

5 

19-0 

19-4 

19-8 

20-2 

20-6 

210 

21-5 

220 

22-5 

230 

6 

23-5 

23-9 

24-4 

24-9 

25-4 

25-9 

26-4 

26-9 

27-4 

27-9 

7 

28-2 

28-7 

29-2 

29-8 

30-3 

30-8 

31-3 

31-9 

32-4 

32  9 

8 

33-5 

34-2 

34-9 

35-8 

This  table  was  deinved  from  a  single  experiment.  No  observation 
could  be  made  upon  brown  malt  alone,  as  it  could  not  be  fully  fer- 
mented without  a  considerable  admixture  of  pale  malt. 

For  comparison,  the  numbers  corresponding  to  the  integral  degrees 
of  spirit-indication  of  the  five  different  Tables  are  placed  together  in 
the  following  Table : 


REPORT    UPON    ORIGINAL    GRAVITIES. 


245 


Table  XI. — Various  Worts. 

DEGREES    OF    SPIRIT-INDICATION  WITH  CORRESPONDING  DEGREES    OF    GRAVITY    LOST. 


Degrees 

I. 

II. 

III. 

IV. 

V. 

Blown 

VI. 

of  Spirit- 

Cane- 

Starch- 

Pale  Malt. 

Pale  Malt 

and  Pale 

Mean  of  ii, 

Indication. 

Sugar. 

Sugar. 

with  Hops. 

Malt. 

iii,  iv,  &  V. 

1 

1-9 

30 

3-2 

2-8 

3-1 

30 

2 

50 

6-G 

70 

6-3 

6-6 

6-6 

3 

9-5 

107 

11-2 

10-5 

105 

10-7 

4 

13-8 

150 

15-5 

15-0 

14-8 

151 

5 

18-3 

19-7 

20-0 

19-5 

190 

19-5 

6 

22-7 

24-5 

24-6 

23-9 

23-5 

24-1 

7 

27-1 

29-3 

29  3 

28-4 

28-2 

28-8 

8 

320 

34-0 

34-2 

33-2 

33  5 

33-9 

9 

37-2 

390 

39-5 

— 

— 

39-25 

10 

42-4 

44-5 

— 

— 

— 

44-5 

11 

47-7 

— 

— 

— 

The  first  point  which  excites  attention  is  the  general  similarity  of 
all  the  four  columns  which  refer  to  liquids  containing  the  same  fer- 
mentable substance,  starch-sugar.  In  comparing  together  columns 
II.  and  III.,  those  of  starch-sugar  itself  and  pale  malt  without  hops, 
the  greatest  difference  t)bserved  between  any  two  corresponding  num- 
bers is  0*5,  or  half  a  degree  of  gravity.  The  numbers  of  the  two 
columns  are  the  same  at  one  point,  but  at  all  other  places  the  starch- 
sugar  column  is  slightly  exceeded  by  the  pale  malt  column.  It  thus 
appears  that  the  phenomena  of  the  fermentation  of  pale  malt  are 
closely  represented  by  a  solution  of  pure  starch-sugar.  The  other 
substances  besides  sugar,  of  which  small  quantities  are  known  to  be 
present  in  malt,  aj)pear  therefore  not  to  be  subjected  to  any  change 
during  the  fermentation  of  the  wort,  which  materially  affects  the 
gravity  of  the  latter.  The  addition  of  hops  to  the  malt  has  a  slight 
effect  in  lowering  the  gravity  numbers,  as  seen  in  column  iv.,  to  the 
extent  at  one  point  of  1  degree  of  gravity.  Brown  malt  appears  to 
act  in  the  same  direction  as  hops  upon  the  progression  of  gravities 
(column  V.)  but  with  less  effect,  although  the  quantity  of  the  former 
was  made  as  large  in  the  experiment  as  was  consistent  with  fer- 
mentation, and  much  greater  than  is  ever  employed  by  the  brewer. 
The  general  mean  of  these  four 
appears  in  cohunn  vi. 

The  highest  degree  of  original  gravity  which  the  sugar-solutions 
and  malt  infusions  of  the  preceding  Tables  possessed  before  fer- 
mentation, was  about  1057,  but  it  was  desirable  to  extend  the  obser- 
vations to  worts  of  higher  gravities.  Pale  malt  worts  with  hops, 
which,  representing  beer,  are  of  most  interest,  were  fermented  :  they 
had  in  two  experiments  the  original  gravity  1 087*9,  and  in  one 
experiment  1121,  and  were  frequently  examined  at  different  stages, 
as  before,  till  all  fermentation  ceased.     The  three  experiments   gave 
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numbers  which  did  not  diverge  anywhere  during  their  coramon  range 
more  than  0*7  degree  of  gravity,  and  at  the  same  time  were  in  har- 
mony with  the  earlier  experiments  on  pale  malt  with  hops  (Table  IX.) 
The  mean  of  the  new  experiments  gave  for  six  degrees  of  spirit- 
indication,  24"0  degrees  of  gravity  lost,  instead  of  23'9  degrees,  as  in 
Table  IX. ;  and  for  7  degrees  of  spirit-indication,  28"7  degrees  of 
gravity  lost,  in  the  place  of  28*4,  as  in  Table  IX. 

Table  XII. — Malt-Wort  of  high  original  gravity  with  Hops. 

DEGREES    OP    SPIRIT-INDICATION    WITH    DEGREES    OF    GRAVITY    LOST. 


Degrees 
of  Spirit- 

•0 

•1 

•2 

•3 

•4 

•5 

•6 

•7 

•8 

•9 

Indication. 

0 

1 

2 
3 

4 
5 

221 

22-5 

23-0 

235 

6 

240 

24-4 

249 

25-3 

25-8 

26-2 

26-7 

27-2 

27-7 

28-2 

7 

28-7 

29-2 

29-6 

301 

30-6 

311 

31-6 

321 

32-6 

331 

8 

33-6 

34-1 

34  7 

35-2 

35-7 

36-2 

36-7 

37-2 

37-7 

38-2 

9 

38-7 

39-2 

39-8 

40-3 

40-8 

41-3 

41-8 

42  3 

42-8 

43-3 

10 

43-8 

44-3 

44-9 

45-4 

45-9 

46-4 

470 

47-5 

480 

48-5 

11 

490 

49-6 

50-1 

50-6 

51-2 

51-7 

52-2 

52-7 

53-3 

53-8 

12 

54-3 

54-9 

55-4 

55-9 

56-4 

56-9 

57-4 

57-9 

58-4 

58-9 

13- 

59-4 

60-0 

60-5 

61-1 

61-6 

62  2 

62-7 

63-3 

63-8 

64-3 

14 

64-8 

65-4 

65-9 

66-5 

671 

67-6 

68-2 

68-7 

69-3 

69-9 

15 

70-5 

This  last  Table,  combined  with  Table  XI.,  exhibits  the  relation 
between  the  spirits  obtained  by  distillation  from  beer,  and  the  degrees 
of  gravity  which  the  original  wort  loses  in  producing  the  spirits, 
through  a  range  of  gravity  in  the  wort,  which  ascends  from  1000  to 
1121.  It  is  given  in  a  complete  form  as  Table  A^  at  the  end  of  the 
Report. 

By  means  of  Table  A  the  original  gravity  of  a  specimen  of  beer 
may  therefore  be  calculated  back,  and  ascertained  from  the  two  data 
which  have  been  specified,  namely  (1),  the  degree  of  spirit-indication 
which  the  spirits  contained  in  the  beer  exhibit,  when  made  up  with 
water  to  the  same  measure  as  the  original  beer;  and  (2)  the  extract 
gravity  of  the  beer,  or  the  specific  gravity  of  the  beer  deprived  of  its 
spirit,  and  made  up  to  its  original  volume  with  water.  A  specimen 
of  beer  when  examined  gave  the  following  data  : 

Spirit-indication         .  .  .  9-9 

Extract  gravity  .          .         .     1044*7 

By  Table  A,  9*9  degrees  of  spirit-indication  represent  43 "7  degrees 
of  gravity  lost  j  which,  added  to  1044-7,  the  extract  gravity  of  the 
same  beer,  make  up  1088-4  degrees,  the  original  gravity  of  the  beer. 
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The  two  experimental  data  required  to  furnish  means  of  deter- 
mining the  original  gravity  of  beer,  by  the  process  already  described, 
are  obtained  with  great  precision  when  proper  care  is  taken.  One  of 
these  data,  however,  namely,  the  spirit-indication  of  the  beer,  involves 
the  distillation  of  the  beer,  and  the  collection  of  the  whole  alcohol 
without  loss,  a  delicate  process,  which  it  has  been  attempted  to 
supersede  by  operations  of  less  difficulty  and  nicety.  One  of  these 
operations,  long  practised  by  the  German  brewers,  has  been  examined 
and  recommended  by  Balling,  and  has  also  been  investigated  by 
Messrs.  Dobson  and  Phillips,  under  whose  notice  it  appears  to  have 
been  first  brought  as  a  method  which  Mr.  Stevenson,  of  Edinburgh, 
had  suggested  and  attempted  to  carry  out. 

The  object  is  still  to  obtain  the  spirit-indication  of  the  beer.  The 
specific  gravity  of  the  beer  is  first  observed  by  means  of  the  hydro- 
meter or  weighing-bottle.  The  extract  gravity  of  the  beer  is  next 
observed  as  in  the  former  method ;  but  the  beer  for  this  purpose  may 
be  boiled  in  an  open  glass  flask  till  the  spirits  are  gone,  as  the  new 
process  does  not  require  the  spirits  to  be  collected.  The  spiritless 
liquid  remaining  is  then  made  up  to  the  original  volume  of  the  beer  as 
before.  By  losing  its  spirits,  the  beer  of  course  always  increases  in 
gravity,  and  the  more  so  the  richer  in  alcohol  the  beer  has  been. 
The  difference  between  the  two  gravities  is  the  new  spirit-indication, 
and  is  obtained  by  subtracting  the  beer  gravity  from  the  extract 
gravity,  which  last  is  always  the  higher  number. 

The  data  in  a  particular  beer  were  as  follows  : — 

Extract  gravity        ....         1044-7 
Beer  gravity    .....         1035-1 


Spirit-indication       ....  9-6  degrees. 

Now  the  same  beer  gave  by  distillation,  or  the  former  method,  a 
spirit-indication  of  9-9  degrees.  The  new  spirit-indication  by  evapo- 
ration is,  therefore,  less  by  0-3  degree  than  the  old  indication  by 
distillation.  The  means  were  obtained  of  comparing  the  two  indica- 
tions given  by  the  same  fermented  wort  or  beer  in  several  hundred 
cases,  by  adopting  the  practice  of  boiling  the  beer  in  a  retort,  instead 
of  an  open  flask  or  basin,  and  collecting  the  alcohol  at  the  same  time. 
The  evaporation  uniformly  indicated  a  quantity  of  spirits  in  the  beer 
nearly  the  same  as  was  obtained  by  distillation,  but  always  sensibly 
less,  as  in  the  preceding  instance.  These  experiments  being  made 
upon  fermented  liquids  of  known  original  gravity,  the  relation  could 
always  be  observed  between  the  new  spirit-indication  and  the  degrees 
of  specific  gravity  lost  by  the  beer.  Tables  of  the  degrees  of  spirit- 
indication,  with  their  corresponding  degrees  of  gravity  lost,  were  thus 
ccmsti'ucted,  exactly  in  the  same  manner  as  the  Tables  which  precede; 
and  these  new  Tables  may  be  applied  in  the  same  way  to  ascertain 
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the  original  gravity  of  any  specimen  of  beer.  Having  found  the 
degrees  of  spirit-indication  of  the  beer  by  evaporation,  the  corre- 
sponding degrees  of  gravity  lost  are  taken  from  the  Table,  and  adding 
these  degi-ees  to  the  extract  gravity  of  the  beer,  also  observed,  the 
original  gravity  is  found.  Thus  the  spirit-indication  (by  the  evapo- 
ration method)  of  the  beer  lately  referred  to,  was  9*6  degrees,  which 
mark  43  degrees  of  gravity  lost  in  the  new  Tables.  Adding  these 
to  1044'7,  the  extract  gravity  of  the  same  beer,  1087' 7  is  obtained  as 
the  original  gravity  of  the  beer. 

As  the  numbers  of  the  second  set  of  Tables  belonging  to  the  evapo- 
ration process,  are  derived  from  the  same  fermentations  of  cane-sugar 
starch-sugar,  and  malt  in  different  conditions,  as  supplied  the  first 
series  of  Tables,  they  give  the  means  of  forming  a  strict  comparison 
between  the  spirit-indications  obtained  by  the  two  processes. 

The  want  of  coincidence  between  the  two  sets  of  Tables  requires 
explanation.  The  same  degrees  of  gravity  lost  give  less  spirit,  or,  in 
other  words,  the  same  spirits  or  degrees  of  spirit-indication  always 
give  more  degrees  of  gravity  lost  in  the  Evaporation  Tables,  princi- 
pally from  this  circumstance.  When  alcohol  is  added  to  pure  water 
the  density  of  the  latter  undergoes  a  certain  diminution.  By  an 
addition  of  eight  per  cent  by  weight  of  alcohol  the  density  of  water 
is  reduced  from  1000  to  986-7,  which  is  a  loss  of  gravity  of  13*3 
degrees.  But  eight  per  cent  of  alcohol  in  the  same  volume  as  before 
of  water  containing  ten  per  cent,  of  cane-sugar,  occasions  a  loss  of 
gravity  of  only  12-92  degrees  (a  fall  from  103647  to  1023-55).  The 
degrees  of  spirit-indication  obtained  are,  therefore,  less  from  the  same 
absolute  quantity  of  spirit  in  the  sugar  solution  than  in  pure  water. 
Now  the  sugar  solution  containing  alcohol  represents  the  beer,  and 
gives  the  loss  of  gravity  which  the  beer  sustains  by  evaporation.  On 
the  other  hand,  the  first  mixture  of  pure  water  and  alcohol  represents 
the  dilute  spirits  obtained  from  the  same  beer  by  distillation.  The 
results  here  are : 

Degrees  of  spirit-indication  13-30,  by  distillation, 
„  „  „  12-92,  by  evaporation. 

Difference  .  .  0-38 
It  thus  appears  that  alcohol  reduces  the  gravity  of  a  solution  of 
sugar,  or  we  may  suppose  infusion  of  malt,  not  quite  so  much,  by  a 
small  quantity,  as  it  reduces  the  gravity  of  water.  It  has  hitherto 
been  believed  that  alcohol  has  the  same  effect  upon  the  density  of 
saccharine  solutions  as  upon  water,  in  which  case  the  spirit-indica- 
tions obtained  from  beer  by  the  evaporation  and  distillation  methods 
should  necessarily  be  the  same.  But  it  appears  from  the  following- 
series  of  experiments  on  the  subject,  that  a  sensibly  greater  condensa- 
tion always  occurs  when  spirits  are  mixed  with  saccharine  solutions 
than  with  water. 
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Table  XIII. — Sugar  Dissolved  in  Spirits, 

COMPARED    WITH    SUGAR    DISSOLVED    IN    EftUAL    VOLUMES    OF    WATER. 


Alcohol,  in 

Sugar, 
added  to 

Specific 

Specific 

Spirit-Indi- 

Spirit-Indi- 
cation in 

100  parts  of 
Solvent. 

100  parts  of 
Solvent. 

gravity  of 
Solvent. 

gravity  of 
Solution. 

cation  in 
Water. 

Solution  of 
Sugar. 

0 

5 

1000 

1018-83 

2 

5 

996-35 

1015-19 

3-65 

3-64 

4 

5 

992-80 

1011-74 

7-20 

7-09 

6 

5 

98963 

1008-52 

10-37 

10-31 

8 

5 

986-76 

1005-70 

13-24 

13-13 

10 

5 

983-91 

1002-91 

1609 

15-92 

12 

5 

981-23 

1000-35 

18-77 

18-48 

0 

10 

1000 

1036-47 

2 

10 

996-35 

1032-90 

3-65 

3-57 

4 

10 

992-80 

1029-49 

7-20 

6-98 

6 

10 

98963 

102631 

10-37 

10-16 

8 

10 

986-76 

1023-56 

13-24 

12-91 

10 

10 

983-91 

1020-77 

16  09 

15-70 

12 

10 

981-23 

1018-23 

18  77 

18-24 

0 

15 

1000 

1053 

2 

15 

996-35 

1049-54 

3-65 

3-46 

4 

15 

992-80 

1046-24 

7-20 

6-76 

6 

15 

989-63 

1043-20 

10-37 

9-80 

8 

15 

986-76 

1040-42 

13-24 

12-58 

10 

15 

983-91 

1037-63 

16-09 

15-37 

12 

15 

981-23 

1035-06 

18-77 

17-94 

0 

20 

1000 

1068-62 

2 

20 

996-35 

1065-26 

3-65 

3-36 

4 

20 

992  80 

1061-99 

7-20 

6-63 

6 

20 

989-63 

1059-06 

10-37 

9-56 

8 

20 

986-76 

1056-31 

13-24 

12-31 

10 

20 

983-91 

1053-52 

16-09 

1510 

12 

20 

981  23 

1050-82 

18-77 

17-80 

This  increased  condensation,  although  small  in  amount,  will  be 
found  quite  sufficient  to  account  for  the  difference,  amounting  to 
about  1-3  degrees  of  gravity  in  the  higher  numbers,  which  holds 
between  the  gravities  lost,  corresponding  to  the  same  degrees  of  spirit- 
indication  in  the  two  series  of  Tables.  To  obtain  the  correct  original 
gravity  of  beer,  it  is  therefore  necessary  to  make  use  of  the  proper 
Table,  according  as  the  spirit-indication  of  the  beer  has  been  obtained 
by  the  distillation  or  by  the  evaporation  method.  The  degrees  of 
gravity  lost  thus  found,  are  added  to  the  extract  gravity,  which  is  the 
same  in  both  modes  of  examination. 

Although  the  evaporation  jjroccss  is  the  easiest  in  practice,  yet  it 
does  not  appear  to  admit  of  the  same  degree  of  precision  as  the  dis- 
tillation process.  In  two  experiments  made  u])on  the  same  l)ccr,  a 
difference  of  O*!'  or  0-5  degree  of  original  gravity  is  not  unusual  with 
tlie  evaporation,  instead  of  the  coincidence  almost  perfect,  which  holds 
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in  the  repetition  of  the  distillation.  It  is  believed  that  the  imperfect 
result  of  the  evaporation  depends  chiefly  upon  the  difficulty  of  observ- 
ing with  accuracy  the  specific  gravity  of  a  frothing  liquid  like  beer, 
which  is  one  of  the  data.  The  carbonic  acid  in  the  beer  can  have 
little  influence,  otherwise,  on  the  result,  for  it  seldom  constitutes  more 
than  one  five-hundredth  part  of  the  whole  weight  of  the  beer.  The 
gravity  of  the  dissolved  carbonic  acid  appears  to  exceed  a  little  only 
that  of  water,  so  that  although  the  former  is  driven  off  entirely  in  the 
boiling,  it  is  replaced  afterwards  by  a  liquid  (water)  of  nearly  equal 
density,  when  the  extract  gravity  is  observed.  The  carbonic  acid 
therefore  is  reckoned  as  so  much  water  in  the  beer. 

The  Tables  of  the  mean  results  obtained  from  the  various  worts  by 
the  evaporation  process  are  now  subjoined. 

Table  XIV. — Cane-Sugar. 

DEGREES    OF    SPIRIT-INDICATION,    WITH    CORRESPONDING    DEGREES    OF    GRAVITY 

LOST. 


Degrees 
of  Spirit- 

•0 

•1 

•2 

•3 

•4 

•5 

•6 

•7 

•8 

•9 

Indication. 

0 



•2 

•4 

•6 

•8 

1-0 

1-2 

1-4 

1-7 

2-0 

1 

2-3 

2-6 

3-0 

3-3 

3-7 

4-0 

4-4 

4-7 

5-0 

5-4 

2  - 

5-8 

61 

6  5 

6-9 

7-3 

7-7 

8-1 

8-5 

8-9 

9-4 

3 

9-9 

10-4 

10-8 

11-3 

11-7 

12-2 

120 

13-1 

13-6 

14-0 

4 

14-4 

14-8 

15-3 

15-7 

16-2 

16-6 

17-0 

17-4 

17-8 

18-2 

5 

18-7 

191 

19-6 

20-0 

20-4 

20-9 

21-4 

21-9 

22-4 

22-9 

6 

23-4 

23-8 

24-3 

24-8 

25-2 

25-7 

26-1 

26-6 

27-1 

27  6 

7 

28-1 

28-5 

290 

29-5 

29-9 

30-4 

30-8 

31-3 

31-8 

32-3 

8 

32-8 

33-3 

33-8 

34-3 

34-8 

35-3 

35-8 

36-3 

36-8 

37-3 

9 

37-8 

38-3 

38-8 

39-3 

39-8 

403 

40-8 

41-3 

41-8 

42-3 

10 

42-8 

43-3 

43-9 

44-4 

45-0 

45-6 

46-1 

46-7 

47-3 

479 

11 

48-5 

Table  XV. — Starch-Sugar. 


Degrees 
of  Spirit- 

•0 

•1 

•2 

•3 

•4 

•5 

•6 

•7 

•8 

•9 

Indication 

0 

— 

•3 

•6 

•9 

1-2 

15 

1-8 

2-2 

2-5 

2-9 

1 

3-2 

36 

40 

43 

4-7 

5-1 

5-5 

59 

6-3 

6-7 

2 

71 

7-5 

7-9 

8-4 

8-8 

9-2 

9-6 

100 

10-4 

10-8 

3 

11-3 

11-7 

121 

12-6 

13-0 

13-5 

13-9 

14-3 

147 

15-1 

4 

15-6 

16-0 

16-5 

169 

174 

17-8 

18-3 

18-7 

191 

19-5 

5 

200 

20-4 

209 

21-3 

21-8 

22-2 

22-7 

23-2 

23-7 

24-2 

6 

24-7 

25-1 

25-6 

26-1 

26-6 

27-1 

27-6 

28-1 

286 

29-1 

7 

297 

300 

30-5 

310 

31-5 

320 

32-5 

33-0 

33-5 

34-0 

8 

34-4 

34-9 

355 

36-0 

36-5 

37-1 

37-6 

38-1 

38-6 

391 

9 

39-6 

40-2 

40-7 

41-2 

41-7 

42-3 

42-8 

43-3 

43-8 

44-3 

10 

44-8 

453 

45-9 

46-4 

47-0 

47-5 

48-0 

48-6 

49-1 

49-6 
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Degrees 

of  Spirit 

•0 

•1 

•2 

•3 

•4 

•5 

•6 

•7 

•8 

•9 

Indication 

0 



•3 

•7 

11 

1-5 

19 

2-3 

2-7 

31 

3-5 

1 

3-9 

4-3 

4-7 

51 

55 

5-9 

6-3 

6-7 

71 

7-5 

2 

8-0 

8-4 

88 

9-2 

9-6 

100 

10-4 

10-8 

11-2 

11-6 

3 

120 

12-4 

12-9 

13-3 

13-7 

14-2 

14-6 

15-0 

15-4 

15-8 

4 

lG-3 

lG-7 

17  1 

17-5 

18-0 

18-4 

18-8 

19-2 

19-6 

20-0 

5 

20-5 

210 

21-4 

21-9 

22-3 

22-8 

23-2 

23-7 

241 

24-5 

6 

2o-0 

25-4 

25-9 

26-4 

26-9 

27-3 

27-8 

28-3 

28-8 

29-3 

7 

29-8 

30-3 

30-8 

31-3 

31-8 

32-3 

32-8 

33-3 

33-8 

34-2 

8 

34-8 

35-4 

36-0 

3G-6 

37-2 

37-8 

38-4 

39-0 

39-6 

40-2 

9 

40-8 

Table  XVII. — Malt  Wort  with  Hops. 


Degrees 

of  Spirit- 

•0 

•1 

•2 

•3 

•4 

•5 

•6 

•7 

•8 

•9 

Indication. 

0 

— 

•3 

•6 

•9 

1-2 

1-5 

1-8 

2-1 

2.4 

2-7 

1 

3-0 

3-3 

37 

41 

4-4 

4-8 

51 

5-5 

5-9 

6-3 

2 

6-7 

7-2 

7-6 

8-0 

8-4 

8-8 

9-2 

9-8 

100 

10-4 

3 

10-8 

11-2 

11-7 

12-1 

12-6 

130 

13-4 

13-8 

14-2 

14-6 

4 

15  0 

15-4 

15-9 

16-3 

16-8 

17-2 

17-7 

18-1 

18.G 

190 

5 

19-4 

19-8 

20-3 

20-7 

21-2 

21-6 

22-1 

22-5 

22-9 

23-3 

6 

23-8 

24-2 

24-7 

25-1 

25-6 

26-0 

26-5 

2G-9 

27  4 

27-8 

7 

28-3 

28-7 

29-2 

29-7 

30-2 

30-7 

31-2 

31-7 

32-2 

32-7 

8 

33-2 

Table  XVIII. — Brown  and  Pale  Malt  Worts. 


Degrees 

of  Spirit- 

•0 

•1 

•2 

■3 

•4 

•5 

•6 

*7 

•8 

•9 

Indication 

0 

— 

•3 

•7 

10 

1-4 

1-8 

2-2 

2-6 

30 

3-4 

1 

3-8 

4-2 

4-G 

50 

5.4 

5-8 

6-2 

6-6 

71 

7-5 

2 

7-9 

8-3 

8-8 

9-2 

9-6 

10-0 

104 

10-8 

11-2 

11-6 

3 

120 

12-4 

12-9 

13-3 

13-7 

14-1 

14-5 

15-0 

15-4 

15-8 

4 

16-2 

lG-6 

17-0 

17-5 

17-9 

18-4 

18-8 

19-3 

19-7 

20-1 

5 

20-5 

20-9 

21-4 

21-8 

22-3 

22-7 

23-2 

23-6 

24-1 

24-6 

6 

25-0 

25-4 

25-9 

2G-3 

2G-8 

27-2 

27-7 

28-2 

28-7 

29-1 

7 

29-6 

30-0 

30-5 

30-9 

31-4 

319 

32-3 

32-8 

33-3 

33-8 

8 

34-4 

Table  XIX.— Various  Worts  :  Mean  of  Tables  XV.,  XVI.,  XVII, 

and  XVIII. 


Degrees 

of  Spirit. 

•0 

•1 

•2 

•3 

•4 

•5 

•6 

•/ 

•8 

•9 

Indication- 

. 

— 

•3 

•7 

10 

1-4 

1-7 

2-1 

2-4 

2-8 

31 

1 

3-5 

3-8 

4-2 

4-6 

50 

5-4 

5-8 

6-2 

6G 

70 

2 

7-4 

7-8 

8-2 

8-7 

91 

9-5 

99 

10-3 

10-7 

111 

3 

11-5 

11-9 

124 

12-8 

13-2 

13  6 

140 

14-4 

14-8 

15-3 

4 

15-8 

1G2 

16-6 

17-0 

17-4 

17-9 

18-4 

18-8 

19-3 

19-8 

5 

201 

20-5 

21-0 

21-4 

21-9 

22-3 

22-8 

23-2 

23-7 

24-1 

G 

24 -G 

25-0 

2=)5 

260 

26-4 

26-9 

273 

27-8 

28-3 

28-8 

/ 

29  3 

297 

30-2 

30-7 

31-2 

31-7 

32-2 

32-7 

33-2 

33-7 

8 

34-2 

34-7 

353 

35-9 

3G-5 

371 

37-7 

38-3 

38-9 

39-5 

9 

101 

10 

IIH 

253  REPORT    UPON    ORIGINAL    GRAVITIES. 

Table  XX.— Mean  of  Tables  XV.,  XVI.,  XVII.,  and  XVIII. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

No.  XV. 

xvi. 

xvii. 

xviii. 

3-2 
3-9 
3-0 
3-8 

7-1 
8-0 
6-7 
7-9 

11-3 
120 
10-8 
120 

15-6 
16-3 
15-0 
16-2 

20-0 
20-5 
19-4 
20-5 

24-7 
25  0 
23-8 
250 

29-6 
29-8 
28-3 
29-6 

34-4 
34-8 
33-2 
34-4 

39-6 
40-8 

44-8 

Mean 

3-5 

7-4 

11-5 

15-8 

201 

24-6 

293 

34-2 

40-2 

Table  XXI. — Malt  Wort  of  high  original  gravity  with  Hops. 


Degrees 

of  Spirit- 

•0 

•1 

•2 

•3 

•4 

•5 

•6 

•7 

•8 

•9 

Indication. 

0 

1 

2 
3 
4 
5 

21-0 

21-4 

21-9 

22-3 

22-8 

23-2 

23-7 

24-1 

24-6 

25-0 

6 

25-4 

25-9 

26-3 

26-8 

27-3 

27-8 

28-2 

28-7 

291 

29-6 

7 

30-0 

30-5 

30-9 

31-4 

31  9 

32-3 

32-8 

33-3 

33-8 

34-3 

8 

34-8 

35-3 

35-8 

36-3 

36-8 

37-3 

37-8 

38-3 

38-8 

39-3 

9 

39-8 

40-3 

40-8 

41-4 

41-9 

42-4 

43-0 

43-5 

44-0 

44-5 

10 

450 

45-5 

46-1 

46-6 

47-2 

47-7 

48-2 

48-7 

49-3 

498 

11 

50-3 

50-9 

51-4 

51-9 

52-5 

53-0 

53-5 

54-0 

54-5 

550 

12 

55-6 

56-2 

56-7 

57-3 

57-8 

58-3 

58-9 

59-4 

59-9 

60-5 

13 

61-0 

61-6 

62-1 

62-7 

63-2 

63-8 

64-3 

64-9 

65-4 

66-0 

14 

66-5 

67-0 

676 

68-1 

68-7 

69-2 

69-8 

70-4 

70-9 

71-4 

15 

72-0 

In  the  examination  of  fermented  liquids,  the  acetic  acid  present 
should  not  be  overlooked,  as  the  influence  of  this  constituent  upon 
the  original  gravity  of  some  kinds  of  beer,  particularly  old  and  hard 
beer,  is  often  considerable.  There  is,  however,  a  certain  a*aount  of 
acid  present  in  all  healthy  fermentations,  and  this,  in  the  experiments 
on  which  our  tables  have  been  founded,  was  estimated  at  one  part  of 
absolute  acetic  acid  (C^^  H^  0^^)  in  one  thousand  parts  of  wort.  Any 
excess  of  acid  beyond  this  should  be  ascertained  by  neutralizing  the 
beer  by  an  alkaline  test-solution.  Sixty  parts  (one  equivalent)  of 
acetic  acid,  represent  forty-six  parts  of  absolute  alcohol ;  a  proportion 
by  which  the  weight  of  alcohol,  which  has  disappeared  in  the  forma- 
tion of  acetic  acid,  is  calculated.  This  corresponding  weight  of  alcohol 
has  a  certain  spirit-indication,  which  is  to  be  added  to  the  spirit- 
indication  of  the  beer  itself  before  the  degrees  of  gravity  lost  are 
taken  fi'om  the  table.  The  calculated  original  gravity  of  old  beers 
is  often  thus  very  sensibly  increased. 

The  Tables  for  calculating  original  gravities,  constructed  by  Messrs. 
Dobson  and  Phillips,  were  deduced  by  these  gentlemen  from  obser- 
vations made  upon  several  different  saccharine  solutions  of  known 
original  gravity  submitted  to  fermentation,  and  are  the  same  in  prin- 
ciple as  the  Tables  given  in  this  Report.  The  old  observations  appear 
to  have  been  made  with  the  greatest  care  and  accuracy,  and  the  Table 
founded  upon  them,  which  has  been  used  by  the  Excise  for  some  time. 
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is  almost  identical  with  Table  A,  in  the  Appendix^  which  we  now  give 
as  the  result  of  the  more  numerous  and  varied  experiments  subse- 
quently instituted  during  the  present  inquiry. 

The  process  of  Professor  Balling,  of  Prague,  for  ascertaining 
original  gravities,  forms  a  part  of  a  general  method  of  analyzing  beer 
which  the  author  has  developed  in  his  great  work  upon  Brewing.* 
The  method  is  remarkable  for  the  number  of  valuable  results  which 
are  deduced  by  calculation  from  simple  observations  of  the  physical 
properties  of  the  beer,  chiefly  made  by  means  of  the  saccharometer. 
The  chemical  pi'operties  of  the  extractive  matter  are  not  investigated, 
and  the  source  of  the  anomalies  in  the  densities  of  fermented  liquids 
are,  therefore,  left  in  the  dark.  But  a  certain  number  of  observations 
have  been  made  on  the  relation  and  dependence  of  the  densities  of 
the  worts,  alcohol,  and  extractive  matter,  of  particular  fermented 
liquids.  These  observations  afford  empirical  data  for  reaching  the 
original  gravity,  by  means  of  a  process  of  calculation,  which  is 
highly  remarkable  for  its  ingenuity  and  success,  considering  the 
limited  knowledge  of  the  actual  chemical  changes  involved  in  fer- 
mentation. In  several  samples  of  beer,  to  which  the  formula  of 
Balling  was  applied  by  us,  it  was  found  to  give  an  original  gravity 
within  a  single  degree  of  the  truth. 

Every  facility  and  assistance  in  pursuing  the  necessary  inquiries 
respecting  fermentation  on  a  large  scale  were  afforded  to  us  by  the 
trade,  and  we  have  much  pleasure  in  acknowledging  our  obligations 
both  to  the  partners  and  principal  officers  of  the  houses  of  Messrs. 
Abbott  and  Son ;  Combe,  Delafield,  and  Co.;  Furze  and  Son; 
Reid  and  Co. ;  Thome  and  Co.;  Truman,  Hanbury  and  Bux- 
ton, and  Whitbread  and  Co.,  of  London  ;  and  to  Messrs.  Allsopp 
and  Sons,  and  Bass  and  Co.,  of  Burton.  We  thus  obtained  the 
means  of  verifying  the  correctness  of  the  original  gravities  calculated 
from  our  tables  by  means  of  specimens  of  beer,  of  which  the  original 
gravity  of  the  woi-ts  had  been  noted  with  sufficient  accuracy,  and 
which  had  been  preserved  for  a  considerable  length  of  time.  A  series 
of  experiments  which  had  been  made  by  Mr.  Crockford,  of  the 
Long  Acre  Brewery,  expressly  with  a  view  of  illustrating  the  subject 
of  original  gravities,  and  which  he  placed  without  reserve  at  our  dis- 
posal, and  also  a  long  series  of  most  careful  observations  made  by 
Mr.  Bottinger  in  Messrs.  Allsopp's  brewery,  were  particularly 
pertinent  to  the  inquiry,  and  afforded  a  satisfactory  confirmation  of 
the  sufficiency  of  the  methods. 

The  methods  of  determining  original  gravities  already  described 
arc  essentially  empirical.  But  the  investigations  respecting  the 
nature  of  the  process  of  fermentation,  into  which  they   have  led, 

*  Die  Guhrung.schemie  wissenschofl licit  brifriindet  unil  in  Hirer  .■lincendung  axtf  ilie 
Weinbereituiiir,  Bierbraiierei,  Bnninlweinbretinerei  unci  Ife/enerzeuicunir  praktiieh 
(larffesttllf,  von  Carl  J.  N.  Balling.  Prague,  1845.  Or  a  shorter  treatise  by  the  same 
author — Die  Saccharnmelriscke  Bier-und  Branntwtinmeischprobe.     Pragtie,  1846. 
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suggested  the  principle  upon  which  the  rational  process  should  be 
founded,  and  which  deserves  to  be  explained  for  the  better  illustration 
of  the  subject.  This  process  is  chiefly  interesting  in  a  scientific  point 
of  view,  as  it  is  too  operose  and  delicate  in  the  form  in  which  it  can 
be  at  present  offered,  to  supersede  the  pi'eceding  methods  w^hich  are 
recommended  for  practice. 

The  fact  has  already  been  insisted  upon,  that  the  alcohol  obtained 
from  beer  represents  a  perfectly  definite  quantity  of  starch-sugar  and 
nothing  else;  and  so  furnishes  a  portion  of  the  original  gravity  which 
is  clear  and  indisputable.  The  difficulty  is  with  that  portion  of  the 
original  gravity  which  is  represented  by  the  solid  matter  remaining 
in  the  beer.  Here  also  the  difficulty  would  vanish,  if  that  solid 
matter  were  either  all  starch-sugar  (which  it  never  is),  or  entirely 
composed  of  the  extractive  matter  already  described,  as  frequently 
occurs  in  old  hard  beer.  The  gravities  of  solutions  of  starch-sugar, 
and  of  the  extractive  matter  are  different,  but  are  now  both  fully 
known.  If  the  solid  matter  of  the  beer  consisted  entirely  of  the 
former  substance,  then  the  original  gravity  of  the  beer  would  be  that 
of  the  joint  amount  of  the  starch-sugar  actually  found  in  the  beer, 
and  of  that  represented  by  the  alcohol  of  the  beer,  the  whole  quantity 
of  sugar  being  dissolved  in  water,  and  having  the  original  volume  of 
the  beer.  The  only  further  information  required  might  be  obtained 
from  a  Table  of  the  gravities  of  solutions  of  starch-sugar.  The 
specific  gravity  thus  found  of  the  solution  of  starch-sugar  in  question, 
represents  the  original  gravity  of  the  beer. 

On  the  second  supposition,  that  the  solid  matter  of  the  beer  was  all 
extractive  matter  (without  sugar),  then  the  reference  should  be  made 
to  a  table  of  the  specific  gravities  of  solutions  of  different  proportions  of 
that  substance,  such  as  Table  V.,  page  236,  but  more  extended.  In  a 
parallel  column  the  gravities  of  solutions  of  starch-sugar  possessing 
the  same  quantity  of  carbon  as  the  extractive  and  corresponding  to  it, 
would  be  placed,  and  in  another  column  the  quantities  of  starch-sugar 
in  the  former  solutions  of  that  substance.  Such  a  Table  would  give 
at  once,  therefore,  the  quantity  of  starch-sugar  corresponding  to  the 
extractive,  and  adding  the  quantity  of  starch-sugar  represented  by  the 
alcohol  of  the  beer,  the  entire  quantity  of  starch-sugar  becomes  known, 
and  the  original  gravity  is  found  from  it  as  in  the  preceding  case. 

The  problem,  therefore,  may  be  solved  in  the  two  extreme  con- 
ditions of  the  beer  which  have  been  supposed.  The  real  difficulty  is 
with  the  intermediate  condition,  which  is  also  the  most  frequent  one, 
where  the  solid  matter  of  the  beer  is  partly  starch-sugar  and  partly 
extractive ;  for  no  accurate  chemical  means  are  known  of  separating 
these  substances,  and  so  determining  the  quantity  of  each  in  the  mixture. 

But  a  remedy  presented  itself.  The  fermentation  of  the  beer  was 
completed  by  the  addition  of  yeast,  and  the  constituents  of  the  beer 
were  thus  reduced  to  alcohol  and  extractive  only,  from  which  the 
original  gravity,  as  is  seen,  can  be  calculated. 


REPORT    UPON    ORIGINAL    GRAVITIES.  255 

For  this  purpose  a  small  but  known  measure  of  the  beer,  such  as 
four  fluid  ounces,  was  carefully  deprived  of  spirits  by  distillation,  in  a 
glass  retort.  To  the  fluid,  when  cooled,  a  charge  of  fresh  yeast, 
amounting  to  150  grains,  was  added,  and  the  mixture  kept  at  80° 
for  a  period  of  sixteen  hours.  Care  was  taken  to  connect  the  retort, 
from  the  commencement,  with  a  tube  condenser,  so  that  the  alcoholic 
vapour  which  exhaled  from  the  wash  dtiring  fermentation  should  not  be 
lost.  When  the  fermentation  had  entirely  ceased,  heat  was  applied 
to  the  retort  to  distil  off  the  alcohol ;  which  was  collected  in  a  cooled 
receiver.  About  three-fifths  of  the  liquid  were  distilled  over  for  this 
purpose;  and  the  volume  of  the  distillate  was  then  made  up  with 
water  to  the  original  volume  of  the  beer.  The  specific  gravity  of 
the  last  spirituous  liquid  was  now  taken,  by  the  weighing  bottle.  To 
obtain  a  correction  for  the  small  quantity  of  alcohol  unavoidably 
introduced  by  the  yeast,  a  parallel  experiment  was  made  with  that 
substance.  The  same  weight  of  yeast  was  mixed  with  water,  and 
distilled  in  another  similar  retort.  The  volume  of  this  second  dis- 
tillate was  also  made  up  by  water  to  the  beer  volume ;  its  specific 
gravity  observed,  and  deducted  from  that  of  the  preceding  spirituous 
liquid.  This  alcohol  was  added  to  that  obtained  in  the  first  distilla- 
tion of  the  beer,  and  the  weight  of  starch-sugar  corresponding  to  the 
whole  amount  of  alcohol  was  calculated.     This  was  the  first  result. 

For  the  solid  matter  of  the  beer  :  the  spiritless  liquid  remaining  in 
the  retort  was  made  up  with  water  to  the  beer  volume,  and  the 
specific  gravity  observed.  A  correction  was  also  required  here  for 
the  yeast,  which  is  obtained,  by  making  up  the  water  and  yeast, 
distilled  in  the  second  retort,  to  the  original  volume  of  the  beer,  and 
deducting  the  gravity  of  this  fluid  from  the  other.  The  quantity  of 
starch-sugar  corresponding  to  this  corrected  gravity  of  the  extractive 
matter  was  now  furnished  by  the  Table,  this  was  the  second  result. 

The  two  quantities  of  starch-sugar  thus  obtained  were  added  together. 
The  specific  gravity  of  the  solution  of  the  whole  amount  of  starch-sugar, 
as  found  in  the  Table,  represented  the  original  gravity  of  the  beer. 

This  method  must  give  an  original  gravity  slightly  higher  than  the 
truth,  owing  to  the  circumstance  that  the  dextrin,  albumen,  and  salts, 
which  are  found  among  the  solid  matters  dissolved  in  beer,  are 
treated  as  having  the  low  gravity  of  extractive  matter,  and  accordingly 
ami)lificd  by  about  one-sixth,  like  that  substance,  in  allowing  for 
them  ultimately  as  starch-sugar.  The  error  from  this  source,  how- 
ever, is  inconsiderable.  It  is  to  be  further  observed,  that  the  error 
from  imperfect  manipulation,  of  which  there  is  most  risk  in  the 
process,  is  leaving  a  little  sugar  in  the  extractive  matter  from  incom- 
j)lete  fermentation.  This  accident  also  increases  the  original  gravity 
deduced.  The  process  has  given  results  which  are  remarkably 
uniform,  and  is  valuable  in  the  scientific  investigation  of  the  subject, 
although  not  of  that  ready  and  easy  execution  which  is  necessary  for 
ordinary  ])ractice,  and  which  recommends  the  former  method.      That 
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method,  in  its  two  modifications,  has  been  sufficiently  described  in  the 
preceding  pages,  and  it  now  only  remains  to  append  the  Tables 
required  for  its  application,  which  embody  the  general  result  of  the 
inquiry. 

Table  A. — To  be  used  in  ascertaining  Original  Gravities  by  the 
Distillation  Process. 

DEGREES    OF    SPIRIT-INDICATION    WITH    CORRESPONDING    DEGREES    OF    GRAVITY    LOST 

IN    MALT    WORTS. 


Degrees 

of  Spirit- 

•0 

•1 

•2 

•3 

•4 

•5 

•6 

•7 

•8 

•9 

Indication. 

0 

_ 

•2 

•6 

•9 

1-2 

1-5 

1-8 

2-1 

2-4 

2-7 

1 

3-0 

3-3 

3-7 

41 

4-4 

4-8 

51 

5-5 

5-9 

6-2 

2 

6-6 

7-0 

7-4 

7-8 

8-2 

8-6 

9-0 

9-4 

9-8 

10-2 

3 

10-7 

11-1 

11-5 

120 

12-4 

12-9 

13-3 

13-8 

14-2 

14-7 

4 

151 

15-5 

16-0 

16-4 

16-8 

17-3 

17-7 

18-2 

18-6 

191 

5 

19-5 

19-9 

20-4 

20-9 

21-3 

21-8 

22-2 

22-7 

23-1 

23-6 

6 

241 

24-6 

250 

25-5 

26-0 

26-4 

26-9 

27-4 

2--8 

28-3 

7 

28-8 

29-2 

29-7 

30-2 

30-7 

31-2 

31-7 

32-2 

32-7 

33-2 

8 

33-7 

34-3 

34-8 

35-4 

35-9 

36-5 

37-0 

37-5 

380 

38-6 

9 

39-1 

39-7 

40-2 

40-7 

41-2 

41-7 

42-2 

42-7 

43-2 

43-7 

10 

44-2 

44-7 

45-1 

45-6 

4G-0 

465 

47-0 

47-5 

48-0 

48-5 

11 

490 

49-6 

50-1 

506 

51-2 

51  7 

52-2 

52-7 

53-3 

53-8 

12 

54-3 

54-9 

55-4 

55-9 

56-4 

56-9 

57-4 

57-9 

58-4 

589 

13 

59-4 

600 

60-5 

61-1 

61-6 

62-2 

62-7 

63-3 

63-8 

64-3 

14 

64-8 

65-4 

65-9 

66-5 

67-1 

67-6 

68-2 

68-7 

69-3 

69-9 

15  , 

70-5 

Table  B. — To  be  used  in  ascertaining  Original  Gravities  by  the 
Evaporation  Process. 


DEGREES 

OF    SPIRIT-INDICATION 

WITH 

CORRESPONDING    DEGREES    OF 

GRAVITY  LOST 

IN    MALT    WORTS. 

Degrees 

of  Spirit- 

•0 

•1 

•2 

•3 

•4 

•5 

•6 

•7 

•8 

•9 

Indication. 

0 



•3 

•7 

1-0 

1-4 

1-7 

2-1 

2-4 

2-8 

3-1 

1 

3-5 

3-8 

4-2 

4-6 

5-0 

5-4 

5-8 

6-2 

6-6 

70 

2 

7-4 

7-8 

8-2 

8-7 

9-1 

9-5 

9-9 

10-3 

10-7 

111 

3 

11-5 

11-9 

12  4 

12-8 

13-2 

13-6 

140 

14-4 

14-8 

15.3 

4 

15-8 

16-2 

16-6 

17-0 

17-4 

17-9 

18-4 

18-8 

19-3 

19-8 

5 

20-3 

20-7 

21-2 

21-6 

22-1 

22-5 

23-0 

234 

23-9 

24-3 

6 

24-8 

25-2 

25-6 

26-1 

26-6 

27  0 

27-5 

28-0 

28-5 

29-0 

7 

29-5 

300 

30-4 

30-9 

31-3 

31-8 

32-3 

32-8 

33-3 

33-8 

8 

34-3 

34-9 

35-5 

36-0 

36-6 

37-1 

37-7 

38-3 

388 

39-4 

9 

40-0 

40-5 

410 

41-5 

420 

42-5 

430 

43-5 

440 

44-4 

10 

44-9 

45-4 

46-0 

46-5 

47-1 

47-6 

48-2 

48-7 

49-3 

49-8 

11 

50-3 

50-9 

51-4 

51-9 

52-5 

530 

53-5 

540 

54-5 

55-0 

12 

556 

56-2 

56-7 

57-3 

57-8 

58-3 

58-9 

59-4 

59-9 

60-5 

13 

61-0 

61-6 

621 

62-7 

63-2 

63-8 

64-3 

64-9 

65-4 

66-0 

14 

66-5 

67-0 

67-6 

68-1 

68-7 

69-2 

69-8 

70-4 

70-9 

71-4 

15 

72-0 

The  Tables  to  be  used  for  liquids  fermented  from  cane-sugar  and 
for  liquids  fermented  from  starch -sugar,  are  given  at  pages  242 — 3  of 
the  Report  for  the  distillation  process,  and  at  page  250  for  the  evapora- 
tion process. 
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Researches  on  some  of  the  Crystalline  Constituents  of  Opiuni.*^ 

By  Thomas  Anderson,  m.D.,  F.R.S.E. 

(Abstracted  by  the  Author.) 

Opium  has  been  already  submitted  to  investigation  by  so  many 
chemists,  that  it  may  at  first  sight  appear  to  be  an  almost  exhausted 
subject;  but  when  we  inquire  more  minutely  into  its  history,  the 
meagre  and  often  conflictiiig  statements  of  different  observers  suffi- 
ciently indicate  the  necessity  of  more  extended  and  minute  inquiries, 
before  our  knowledge  of  it  can  be  considered  as  either  definite  or 
satisfactory.  No  less  than  tent  basic  and  indifferent  substances  have 
■  been  extracted  from  it ;  and  of  these,  the  constitution  of  four  only, 
namely,  morphine,  codeine,  papaverine,  and  narcotine,  has  been 
satisfactorily  established.  Of  the  remaining  six,  porphoroxine  is  still 
unanalysed ;  opianine  is  of  recent  discovery,  and  its  composition  still 
doubtful ;  while  the  formulae  attributed  to  thebaine,  pseudomorphine^ 
narceine,  and  meconine,  are  founded  on  old  analyses,  made  soon 
after  their  discovery,  at  a  time  when  the  methods  of  organic  analysis 
were  comparatively  impei'fect,  and  certainly  cannot  be  looked  upon  as 
very  satisfactoi-y. 

For  the  preparation  of  the  bases  which  form  the  subject  of  the 
following  paper,  I  have  made  use  of  the  black  mother-liquor  of  the 
preparation  of  muriate  of  morphine,  by  the  process  of  Robertson 
and  Gregory.  This  fluid,  which  is  perfectly  black,  and  of  the 
consistence  of  tar,  is  diluted  with  water,  and  filtered  for  the  separation 
of  a  small  quantity  of  flocky  substance  which  deposits.  Ammonia 
is  then  added  as  long  as  a  precipitate  is  obtained,  which  is  separated 
by  filtration  through  cloth,  and  subjected  to  strong  pressure.  The 
precipitate  thvis  obtained  is  dark- coloured  and  granular,  but  if  left  in 
the  press  for  any  length  of  time,  is  apt  to  run  into  a  resinous  mass. 
It  must  therefore  be  rapidly  removed,  broken  up  with  a  small  quantity 
of  water,  and  again  expressed ;  and  this  is  repeated  several  times. 
The  precipitate  contains  narcotine,  along  with  a  considerable  quantity 
of  resin,  and  a  small  quantity  of  thebaine.  The  fluid  contains  nar- 
ceine, and  must  be  preserved  for  its  preparation. 

A  portion  of  the  precipitate  is  boiled  with  rectified  spirit,  and 
filtered  hot ;  on  cooling,  impure  and  highly-coloured  crystals  of  nar- 
cotine arc  deposited,  which  are  collected  on  a  cloth,  washed  with  a 
small  quantity  of  alcohol,  and  expressed ;  the  mother-liquor  of  these 
crystals  is  employed  for  the  solution  of  another  quantity  of  the  pre- 
cipitate, and  so  on  until  the  whole  has  been  dissolved.  The  im])ure 
crystals  of  narcotine  arc  then  rubbed  up  with  a  small  quantity  of  a 
strong  solution  of  potash,  and  alter  standing  for  some  time,   washed 

*  Trans.  Royal  Society,  Edinburgh,  XX,  [.3],  347. 

f  Since  this  paper  was  written,  two  new  &ul)stanccs  have  been   addeil  to  the  consti- 
tuents of  opium;  these  arc,  the  mcthylonarcotine  and  propylonarcotine  of  Mcrthcim. 
VOL.    v. NO.    XIX.  S 


258  DR.    TUOMAS    ANDERSON    ON    SOME    OF    THE 

with  water,  and  finally  crystallised  several  times  from  boiling  spirit. 
The  alcoholic  solution  from  which  the  first  dark-coloured  crystals  of 
narcotine  are  deposited,  on  being  distilled  in  the  water-bath,  leaves 
behind  a  dark  amorphous  mass,  containing  much  resin,  mixed  with  a 
little  narcotine,  and  the  whole  of  the  thebaine  contained  in  the 
original  precipitate.  It  is  treated  with  hot  dilute  acetic  acid,  which 
dissolves  the  bases  and  a  small  quantity  of  resin.  To  this  solution 
subacctate  of  lead  is  added  until  it  acquires  a  distinctly  basic  reaction, 
when  the  whole  of  the  narcotine  and  resin  are  deposited,  and  the 
thebaine  remains  in  solution.  The  fluid  is  filtered  from  the  pre- 
cipitate, the  excess  of  lead  thrown  down  by  sulphuric  acid,  the 
sulphate  of  lead  separated  by  filtration,  and  the  thebaine  precipitated 
by  ammonia.  The  washed  precipitate  is  then  dissolved  in  boiling 
alcohol,  and  treated  with  animal  charcoal,  and  on  cooling,  the  fluid 
becomes  filled  with  shining  plates,  which  are  purified  by  several 
crystallisations. 

The  mother-liquor  of  the  original  ammonia-precipitate  contains 
narceine,  which  is  obtained  in  the  following  manner.  A  solution  of 
acetate  of  lead  is  added  to  the  fluid,  and  the  dirty  brownish  preci- 
pitate formed,  separated  by  filtration.  The  excess  of  lead  is  separated 
by  sulphuric  acid,  and  the  fluid,  saturated  with  ammonia,  is  set  to 
evaporate  at  a  moderate  temperature.  When  it  has  reached  a  certain 
degree  of  concentration,  a  film  appears  on  the  surface,  and  on  cooling 
a  quantity  of  crystalline  matter  is  deposited,  which  becomes  more 
abundant  on  being  allowed  to  stand  for  some  days.  This  substance 
is  collected  on  a  cloth  and  washed  with  water,  and  is  then  sometimes 
quite  colourless,  but  has  more  frequently  a  somewhat  brown  colour. 
It  is  then  boiled  with  a  large  quantity  of  water,  and  filtered  hot ;  and 
on  cooling,  the  fluid  becomes  tilled  with  fine  silky  crystals  of  narceine, 
which  are  separated  from  traces  of  sulphate  of  lime  by  solution  in 
alcohol,  and  after  boiling  with  animal  charcoal  and  resolution  in 
water  are  pure. 

NARCEINE. 

Narceine  has  been  already  analysed,  both  by  Pelletier  and 
Couerbe;  and  from  their  results  the  former  has  deduced  the 
formula  C32  Hj^  NOjg,  the  latter  C.,^  H^q  NOjo,  which,  though 
agreeing  tolerably  well  with  their  analytical  results,  are  unsupported 
by  determination  of  the  atomic  weight,  which  neither  of  them  appear 
to  have  attempted,  owing  to  the  impression  they  derived  from 
their  experiments,  that  narceine  is  incapable  of  entering  into  combina- 
tion with  acids.     My  o\vn  experiments  give  for  it  the  formula  : 

C,eH,9NO,3 
which  was  substantiated  by  the  analysis  of  its  platinum  compound. 
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which  was  found  to  contain  14-56  per  cent  of  platinum,  and  gave  for 
the  atomic  weight  of  the  base  464-8,  while  the  theoretical  number 
is  463. 

Narceine  crystallises  in  delicate  silky  needles,  which  mat  together 
into  a  bulky  mass.  These  crystals  are  always  extremely  white ;  and 
narceine  is  remarkable  for  the  facility  with  which  it  is  obtained  colour- 
less. In  cold  water  it  is  sparingly,  and  in  hot  water  readily  soluble, 
and  the  solution  on  cooling  becomes  filled  with  a  network  of  bulky 
crystals.  It  is  more  soluble  in  alcohol,  and  insoluble  in  ether. 
Ammonia  and  dilute  solutions  of  potash  and  soda  dissolve  it  in  larger 
proportion  than  water ;  but  the  addition  of  a  large  quantity  of  concen- 
trated potash  precipitates  it,  even  from  a  hot  solution,  in  the  form  of  an 
oily  mass,  which  remains  fluid  for  some  time  under  the  solution. 
When  boiled  with  dilute  nitric  acid,  the  fluid  acquires  a  yellow  colour, 
and  on  saturation  with  potash,  the  odour  of  a  volatile  base  is  evolved. 
Concentrated  nitric  acid  acts  violently  in  the  cold,  and  oxalic  acid  is 
found  in  the  solution.  Strong  sulphuric  acid  dissolves  it  in  the  cold 
with  an  intense  red  colour,  which  passes  into  green  on  the  application 
of  heat.  Strong  hydrochloric  acid  dissolves  it  entirely,  without 
producing  the  blue  colour  described  by  Pelletier  as  characteristic  of 
narceine.  I  did  obtain  a  blue  colour  on  one  occasion,  but  it  was 
when  operating  on  an  impure  specimen,  and  I  have  never  succeeded 
in  obtaining  it  again ;  I  have  been  equally  unsuccessful  with  a  specimen 
obtained  directly  from  the  establishment  of  Robiquet,  Pelletier 
and  Caventou.  Tliis  specimen  differed  in  some  respects  from  that 
which  I  had  myself  prepared,  and  a  single  analysis  gave  results 
corresponding  with  the  formula  €33  H^gNOio;  but  I  have  no  means 
of  confirming  its  correctness,  as  the  high  price  of  the  material 
deterred  me  from  further  experiments. 

Hydrochlorate  of  Narceine  is  obtained  sometimes  in  large  groups 
of  radiated  needles,  and  sometimes  in  the  form  of  short  thick  irregular 
prisms.  They  are  soluble  in  both  water  and  alcohol,  and  possess 
a  distinctly  acid  reaction.  Dried  at  212'^  F.,  they  have  the  formula 
C,6  H29NO18.  HCl. 

Sulphate  of  Narceine  is  deposited  in  tufts  of  silky  needles,  not 
differing  much  in  appearance  from  the  base  itself.  It  is  rather 
sparingly  soluble  in  cold  water,  readily  in  hot. 

Nitrate  of  Narceine  is  deposited  in  radiated  groups  from  its  hot 
solution.     It  is  rather  sparingly  soluble  in  the  cold. 

Chloride  of  Platinum  and  Narceine. — When  a  solution  of  chloride 
of  platinum  is  added  to  hydrochlorate  of  narceine,  the  double  com- 
pound makes  its  apjicarancc,  sometimes  as  a  crystalline  powder,  some- 
times in  small  prismatic  crystals.  Their  formula  is  C^g  ILy  NO,^  . 
lICl.PtCL. 
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Thebaine. 

Three  different  formulje  have  been  given  for  thebaine  by  Pelletier, 
Couerbe  and  Kane.     They  are  : 

Pelletier         .          .     C34  Hjg  NOg 
Couerbe  .          .     C25  H13.5  NO^ 

Kane  .         .     C^^  H^,  NO3 

The  atomic  weight  has  been  determined  by  the  two  latter  chemists 
by  ascertaining  the  quantity  of  hydrochloric  acid  gas  absorbed  by  the 
base;  Couerbe  found  100  parts  to  absorb  8'35  of  acid,  while  Kane 
found  it  to  absorb  at  212°  F.,  16'96  per  cent,  and  at  ordinary  tem- 
peratures, 33'28.  These  results  are  very  nearly  in  the  proportion  of 
1,  2  and  4 ;  but  no  reliance  can  be  placed  upon  them,  as  I  have  found 
that  thebaine  is  very  readily  decomposed  by  hydrochloric  acid,  and 
none  of  them  agree  with  the  atomic  weight  deduced  from  my  own 
experiments.     My  analysis  gives  for  it  the  formula  : 

Gas  H2,  NOe 

differing  from  that  of  codeine  by  two  equivalents  of  carbon. 

Thebaine  crystallises  from  its  alcoholic  or  ethereal  solution  in 
brilliant  square  plates  having  a  silvery  lustre.  It  is  insoluble  in  water, 
but  very  soluble  in  alcohol  or  ether,  especially  on  boiling.  It  dissolves 
readily  in  acids,  and  forms  salts  which  are  not  obtained  in  ci-ystals 
from  aqueous  solutions.  It  is  insoluble  in  potash  and  ammonia. 
Strong  sulphuric  acid  reacts  upon  it,  and  produces  a  deep-red  colour, 
even  when  it  is  free  from  nitric  acid.  Concentrated  nitric  acid  acts 
violently  in  the  cold,  with  copious  evolutions  of  red  fumes,  and  for- 
mation of  a  yellow  solution,  which  becomes  dark-coloured  on  the 
addition  of  potash,  and  evolves  a  volatile  base.  In  hydrochloric  acid 
it  dissolves  readily,  and  the  solution  on  evaporation  becomes  dark- 
coloured,  and  leaves  behind  a  resinous  matter,  which  does  not  dissolve 
completely  in  water.  Sulphuric  acid,  of  specific  gravity  1'300, 
dissolves  it  in  the  cold ;  and  on  gently  heating,  a  resinous  or  semi- 
solid matter  is  thrown  down,  which,  on  boiling  with  water,  slowly 
dissolves,  and  deposits,  on  cooling,  a  rather  sparingly  soluble  salt,  in 
microscopic  crystals,  which  appears  to  be  a  product  of  decomposition, 
but  of  which  I  must  defer  the  examination,  until  I  have  obtained  an 
additional  quantity  of  thebaine.  Chlorine  and  bromine  rapidly 
decompose  thebaine  with  the  formation  of  resinous  compounds. 

Hydrochlorate  of  Thebaine. — In  order  to  prepare  this  salt,  thebaine 
is  mixed  with  a  small  quantity  of  strong  spirit  and  an  alcoholic  solu- 
tion of  hydrochloric  acid  added,  until  the  thebaine  is  dissolved,  an 
excess  being  avoided,  and  on  standing,  the  salt  is  deposited  in  fine 
rhomboidal  crystals.     They  are  very  soluble  in  water,  and  the  solu- 
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tion,  on  evaporation,  yields  only  a  resinous  mass.  In  alcohol,  espe- 
cially if  absolute,  they  are  rather  sparingly  soluble,  and  in  ether  they 
are  insoluble.  Dried  at  212°  F.,  their  formula  is  Cgg  H21  NOg .  HC1  + 
2H0. 

Platinochloride  of  Thebaine  is  thrown  down  as  a  yellow  crystalline 
powder  on  the  addition  of  chloride  of  platinum  to  the  preceding  com- 
pound. It  is  sparingly  soluble  in  hot  water,  and  the  solution  on 
cooling,  deposits  a  salt  which  appears  to  be  a  product  of  decomposi- 
tion. The  formula  of  the  salt  dried  at  212°  is  Cgg  H21  NOg .  HCl. 
PtCl2  +  2HO. 

Sulphate  of  Thehaine  is  obtained  by  adding  sulphuric  acid  to  an 
ethereal  solution  of  thebaine,  partly  in  crystals,  partly  as  a  resinous 
mass,  becoming  crystalline  on  standing.  The  hydrochlorate  gives  with 
corrosive  sublimate,  a  fine,  white,  crystalline  precipitate  of  a  double 
salt,  and  the  base  itself  gives  a  bulky  precipitate  ;  but  neither  of  these 
substances  could  be  obtained  of  constant  composition.  Terchloride  of 
gold  gives  an  orange-yellow  precipitate,  which  fuses  at  212°  into  a 
resinous  mass. 

ACTION    OF    NITRIC    ACID    ON    NARCOTINE. 

When  concentrated  nitric  acid  is  added  to  narcotine,  a  very  violent 
action  ensues ;  even  in  the  cold,  red  fumes  are  copiously  evolved,  and 
a  thick,  resinous-looking  red  matter  is  left  behind.  With  somewhat 
weaker  acid  and  a  gentle  heat,  a  similar  action  takes  place,  and  a  red 
fluid  is  obtained,  which,  by  evaporation,  yields  an  amorphous  orange 
residue.  In  both  cases,  the  action  was  much  too  violent,  and  the  pro- 
duct obtained  obviously  the  result  of  several  complex  actions.  The 
action  of  nitric  acid  in  a  more  dilute  state  was  therefore  tried,  and 
after  several  experiments,  the  following  was  found  to  be  the  most 
advantageous  method  of  treatment.  Six  hundred  grains  of  narco- 
tine are  mixed  with  2^  ounces,  by  measure,  of  nitric  acid,  of 
specific  gravity  1"400,  diluted  with  ten  ounces  of  water,  and  exposed 
in  the  water-bath  to  an  uniform  temperature  of  120°  Fahr.  The  nar- 
cotine fuses  into  a  yellowish  mass,  which,  by  continuous  agitation, 
slowly  dissolves  without  the  evoluti(m  of  red  fumes.  When  the  solu- 
tion is  nearly  complete,  a  small  quantity  of  a  white  deposit  begins  to 
make  its  appearance  in  the  solution,  and  gradually  increases  in 
quantity  until  the  lluid  becomes  filled  with  bulky  crystalline  fiocks. 
The  quantity  of  this  substance  produced  ap])ears  to  depend,  to  a  great 
extent,  upon  the  rapidity  of  the  oxidation,  being  sometimes  extremely 
minute,  and  always  bearing  a  very  small  pro])ortion  to  the  quantity 
of  narcotine  employed.  When  these  flocks  have  ceased  to  increase  in 
quantity,  they  are  separated  from  the  fluid  by  filtration  through 
asbestos,  washed  with  water,  in  which  they  are  insoluble,  and  })urified 
by  solution  in  a  considerable  quantity  of  boiling  alcohol. 

To  this  substance   I  give   the  name  of   Tcrojnammon.     As    tlius 
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obtained^  it  is  in  the  form  of  very  small  colourless  needles,  in- 
soluble in  water ;  sparingly  soluble  in  cold,  and  more  soluble  in 
boiling  alcohol.  It  is  little  soluble  in  ether.  Concentrated  sulphuric 
acid  dissolves  it  in  the  cold,  and  the  solution,  which  is  yellow^,  gives  a 
fine  crimson  on  being  heated.  Nitric  acid  decomposes  it.  Hydro- 
chloric acid  and  ammonia  have  no  action  on  it.  Boiled  with  potash, 
ammonia  is  evolved,  and  opianic  acid  is  found  in  the  solution.  I  at 
first  considered  it  identical  with  Wohler's  opiammon,  but  the  absence 
of  xanthopenic  acid  in  this  reaction,  and  various  other  differences, 
convinced  me  that  it  was  not  the  same,  and  this  was  confirmed  by 
analysis,  which  gave  for  it  the  formula  Cgy  H2g  NOog.  That  it  is 
actually  different  from  Wohler's  opiammon,  of  which  the  formula  is 
C^Q  Hjg  NOjg,  is  very  obvious,  but  it  bears  an  interesting  relation  to 
it.  The  latter  substance  is  derived  from  two  equivalents  of  opianic 
acid  and  one  equivalent  of  ammonia,  by  the  removal  of  the  elements 
of  four  equivalents  of  water  as  thus  represented  : 

2  eq.  opianic  acid      .         .         .     C^q  HgQ      O2Q 
1  eq.  ammonia  .  .  H  3  N 


4  eq.  water 

C40  H,3  N  0,, 
.        .          H,      0, 

1  eq.  opiammon 

and  the  new  compound  is  derived  in 
three  equivalents  of  opianic  acid : 

3  eq.  opianic  acid 

1  eq.  ammonia 

,        .     C,oH,gNO,g 
a  precisely  similar  mam 

.              .                 H3N 

4  eq.  water 

^60  "33  ■'^    ^30 

.         .          H,      0, 

1  eq.  teropiammon     .         .         .     CgQ  H^q  N  Oog 

Both  these  substances,  therefore,  are  produced  in  a  similar  man- 
ner from  different  opianates  of  anmiouia  ;  and  it  is  in  consideration  of 
this  constitution  that  I  give  to  my  compound  the  name  of  teropi- 
ammon, while  I  should  propose  that  of  binopiammon  for  Wohler's 
substance,  and  leave  the  name  of  opiammon  for  the  compound  simi- 
larly obtained  from  a  single  equivalent  of  opianic  acid,  should  it  ever 
be  discovered.  The  production  of  teropiammon  in  a  highly  acid  fluid 
is  a  very  remarkable  phenomenon,  and  one,  so  far  as  I  know,  of  which 
we  have  no  other  example.  It  is  obviously  the  result  of  a  secondary 
action,  but  it  has  appeared  to  me  that  it  was  most  abundantly  pro- 
duced when  the  action  of  the  nitric  acid  was  most  moderate,  and  I 
have  never  succeeded  in  obtaining  it  in  larger  quantity  by  continuing 
the  action  further. 
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The  fluid  from  which  teropiammon  has  been  separated  is  yellow, 
and  on  supersaturation  with  potash,  deposits  a  crystalline  powder. 
This  was  found  to  be  cotarnine,  which  can  be  obtaiaed  in  this  way 
much  more  readily  than  by  Wohler^s  process. 

In  the  alkaline  fluid  from  which  the  cotarnine  had  been  separated, 
it  was  natural  to  look  for  opianic  acid,  and  its  presence  was  soon 
established,  as  well  as  that  of  hemipinic  acid,  and  another  substance, 
which  I  call  Opianyl.  These  substances  were  not,  however,  invariably 
all  present,  opianic  acid  and  opianyl  being  sometimes  entirely  absent, 
and  the  latter  being  only  found  when  the  conditions  of  the  oxidation 
were  very  successfully  fulfilled.  To  obtain  these  substances,  the  alka- 
line fluid  is  evaporated  to  a  small  bulk  and  the  crystals  of  nitre  which 
form  are  separated.  The  syrupy  mother-liquor  is  treated  VAdth  alcohol, 
to  separate  carbonate  of  potash,  the  alcohol  distilled  off",  and  hydro- 
chloric acid  added  to  the  cold  residue,  when  there  is  obtained  a  preci- 
pitate containing  opianic  and  hemipinic  acids  and  opianyl. 

OPIANYL. 

This  substance  is  only  formed  when  the  oxidation  has  been  ex- 
tremely gentle,  and,  though  repeated  trials  have  been  made,  it 
has  been  found  impossible  to  moderate  the  action  in  such  a  way  as  to 
produce  it  at  will.  In  oi*der  to  obtain  it  in  a  pure  state,  the  preci- 
pitate by  hydrochloric  acid,  which  has  just  been  referred  to,  is  dissolved 
in  a  large  quantity  of  boiling  water,  and  the  solution  allowed  to  cool. 
A  crop  of  crystals  is  deposited  which  consists  of  opianyl  along  with 
some  opianic  acid,  if  the  quantity  of  water  employed  has  not  been 
sufficiently  large.  These  crystals  are  purified  by  solution  in  boiling 
water  and  in  alcohol.  In  one  instance,  opianyl  was  obtained  along 
with  hemipinic  acid,  and  with  only  traces  of  opianic  acid ;  and  in  that 
case,  its  purification  was  conveniently  eff"ccted  by  dissolving  in  boiling 
water,  precipitating  hemipinate  of  lead  with  a  solution  of  neutral 
acetate  of  lead,  washing  the  precipitate  in  boiling  water,  and  evapo- 
rating to  a  small  bulk,  when  opianyl  deposited  in  colourless  crystals, 
which  were  purified  by  solution  in  boiling  water. 

Opianyl  is  thus  obtained  in  long,  colourless  needles,  which  are 
sparingly  soluble  in  cold,  more  so  in  hot  water.  When  boiled  wdth  a 
quantity  of  water  insufficient  to  dissolve  it,  it  melts  under  the  fluid, 
but  when  dry  it  requires  a  temperature  of  230°  Fahr.  to  produce  its 
fusion,  and  resolidifies  at  220°.  It  dissolves  both  in  alcohol  and  ether. 
Sulphuric  acid  dissolves  it  in  the  cold,  and  the  colourless  solution 
acquires  a  fine  and  characteristic  purple  colour  on  heating.  Boiling 
nitric  acid  decomposes  it.  It  is  not  more  soluble  in  potash,  soda,  and 
ammonia  than  in  water,  and  forms  no  compounds  with  the  metallic 
oxides.     Its  analysis  gave  results  corresponding  to  the  formula 

^20  "lO   ^-'s' 
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Opianyl  thus  bears  an  interesting  relation  to  opianic  and  hemi- 
pinic  acids,  provided  we  assume  for  the  former  the  formula  as  cor- 
rected by  Berzclius,  and,  for  the  latter,  an  atomic  weight  twice 
as  high  as  that  assigned  to  it  by  Wohlcr,  both  of  which  arc  consistent 
with  my  analyses.     The  three  substances  then  stand  as  follows  : 

Opianyl  .  .  .  .  C.^R^^O  ^ 
Opianic  acid  .  .  .  Coq  H^q  Oj^q 
Hemipinic  acid         .         .  C20  H^q  O^o 

and  appear  as  three  successive  degrees  of  oxidation  of   the    same 
radical. 

The  derivation  of  opianyl  from  narcotine  is  abundantly  simple. 
Two  equivalents  of  hydrogen  are  oxidised  by  the  nitric  acid,  and  the 
narcotine  splits  up  into  opianyl  and  cotarnine,  as  thus  expressed : 

C46  H25NOi,  +  0,  =  a6  H,3  N06  +  C,oH,o  Os  +  2HO. 

Narcotine.  Cotarnine.  Opianyl. 

The  same  scheme,  with  the  addition  of  two  or  four  equivalents  of 
oxygen,  represents  also  the  mode  in  which  opianic  and  hemipinic 
acids  respectively  are  derived  from  narcotine  much  more  simply  than 
it  has  been  by  Blyth,  in  his  paper  on  the  action  of  bichloride  of 
platinum  on  narcotine,  who  gives  a  scheme  involving  the  evolution  of 
carbonic  acid.  The  appearance  of  this  gas,  which  was  actually  observed 
by  Blyth  during  the  action,  has,  however,  always  appeared  to  me  to 
be  the  result  of  a  secondary  decomposition  ;  and  this  view,  I  think, 
receives  confirmation  from  the  production  of  teropiammon,  where 
nitric  acid  acts  even  in  the  most  feeble  manner  on  narcotine,  and  the 
formation  of  which  must,  of  necessitj^,  be  attended  by  the  evolution  of 
carbonic  acid. 

If  we  pursue  the  relations  of  opianyl  to  narcotine,  we  shall  find 
that  these  also  are  of  a  very  interesting  nature.  By  subtracting  an 
equivalent  of  cotarnine  from  one  of  narcotine, 

Narcotine       .         .         .         ,         C^^  B,.  NOi^ 
Cotai-nine       .         .         .         .         C^g  Hjg  NO  g 


^20  ^12     0 


we  find  that  the  substance  coupled  with  cotarnine  to  form  narcotme 
may  be  considered  as  a  hydruret  of  opianyl^  or  a  substance  bearing  to 
opianyl  a  relation  similar  to  that  which  alloxautin  bears  to  alloxan, 
and  the  preparation  of  which,  in  a  separate  form,  would  be  most 
interesting.  The  attempts  which  I  have  made  to  obtain  it  have,  how- 
ever, as  yet  proved  abortive.  I  have  tried  the  action  of  sulphuretted 
hydrogen  upon  opianyl,  but  no  change  took  place,  and  also  the  fer- 
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mentation  of  narcotine,  but  with  equally  little  success.  It  is  possible 
that  Wohler^s  sulphopiauic  acid  C20  Hjg  Og  +  S.2,  may  have  some 
relations  with  this  substance,  and  in  this  point  of  view  deserves  a  more 
extended  examination. 

Hydj'ate  of  Opianyl. — On  one  occasion  I  obtained  by  acting  on 
narcotine,  a  substance  similar  in  most  of  its  properties  to  opianyl, 
but  which  fused  at  205°  F.  Its  analysis  corresponded  to  a  hydrate  of 
that  substance  dj,  Hjg  Og  +  HO,  but  I  did  not  again  obtain  it,  and  I 
had  not  enough  for  a  detailed  examination. 

Opianic  Acid  is  obtained  by  evaporating  the  fluid  which  has  de- 
posited opianyl.  I  have  repeated  its  analysis  for  the  purpose  of  fixing 
its  formula,  and  the  results  agree  with  Cgg  H^q  Ojq,  the  quantity  of 
hydrogen  being  much  too  high  for  Wohler's  formula,  C^q  Hg  O^q, 
although  every  care  was  taken  in  drying  the  material  employed. 

Ojnanic  Ether. — According  to  Wohler,  opianic  ether  cannot  be 
obtained  by  the  action  of  sulphuric  or  hydrochloric  acid  upon  a  mix- 
ture of  opianic  acid  and  alcohol ;  but  I  obtained  it  by  chance,  with 
the  latter  acid,  and  have  confirmed  its  composition  and  found  it  to 
possess  the  properties  attributed  to  it  by  the  discoverer. 

Hemipinic  Acid. — The  analytical  results  obtained  by  Wohler  for 
this  acid  I  have  fully  confirmed,  but  I  have  found  it  to  be  a  bibasic 
acid,  and  its  rational  formula  to  be  Coo  ^v)  ^w  ^^'  double  of  that 
given  by  him.  This  result  is  deduced  from  the  analysis  of  an  acid 
hemipinate  of  potass,  and  from  the  formation  of  a  hemipinovinic 
acid. 

Acid  llemipinute  of  Potash  is  obtained  in  the  form  of  thick,  six- 
sided  tables,  sometimes  of  considerable  size,  which  are  readily  soluble 
in  water  and  alcohol,  but  not  in  ether.  It  is  highly  acid  to  test- 
paj)er.     The  crystallised  salt  is  represented  by  the  formula : 

KO.HO.C20H3O10+5HO. 

Neutral  Hemipinate  of  Potash  is  highly  soluble  and  crystallises  with 
difficulty. 

Hemipinovinic  Acid  is  prepared  by  passing  a  current  of  hydro- 
chloric acid  through  a  solution  of  hemipinic  acid  in  absolute  alcohol. 
It  is  obtained  in  the  form  of  tufts  of  bulky  needles,  sparingly  soluble 
in  cold,  more  so  in  hot  water.  It  fuses  at  370°  Fahr.,  but  melts  under 
water  into  a  transparent  fluid.  It  is  strongly  acid  to  test-paper.  Its 
aqueous  solution  does  not  precipitate  the  salts  of  lead  and  silver,  but 
gives,  with  perchloride  of  iron,  a  bulky,  pale,  brownish-yellow  preci- 
pitate. It  dissolves  readily  in  potash,  and  the  solution,  on  boiling, 
evolves  alcohol.  The  crystallised  acid  has  the  formula,  Cj  H5  0  .  110. 
C20  Ilg  Ojo  -f  HO.  Althougii  it  ])ossesses  distinctly  acid  projierties, 
and  is  capable  of  uniting  with  bases,  I  have  failed  in  obtaining  its 
compounds  in  a  state  of  purity.     Its  baryta-salt  was  obtained  iu  tufts 


266  DR.    THOMAS    ANDERSON    ON    SOME    OF    THE 

of  minute  uccdles  by  digesting  a  solution  of  the  acid  with  carbonate 
of  baryta.  But  the  compound  was  not  obtained  in  a  state  fitted  for 
analysis,  and  appears  to  be  very  liable  to  undergo  decomposition. 

ACTION    OF    NITRIC    ACID    ON    COTARNINE. 

The  products  of  the  action  of  nitric  acid  on  cotaruine  are  extremely 
complex,  and  several  different  actions  appear  to  occur  simultaneously, 
in  each  of  which  a  different  decomposition  is  produced.  When  the 
concentrated  acid  is  employed,  oxalic  acid  is  produced ;  but  when  it  is 
more  dilute,  another  acid  is  obtained,  which  remains  in  solution  in  the 
nitric  acid. 

The  preparation  of  this  substance  is  a  matter  of  considerable  nicety, 
and  it  is  particularly  important  that  the  nitric  acid  be  not  employed 
in  too  large  an  excess,  partly  on  account  of  the  risk  of  carrying  the 
action  too  far,  and  partly  on  account  of  the  difficulty  of  separating  the 
product  from  a  very  large  excess  of  acid.  As  the  new  product  is 
liable  to  undergo  a  further  oxidation,  with  production  of  oxalic  acid,  it 
is  not  safe  to  attempt  its  separation  by  evaporating  the  nitric  acid 
solution.  The  best  method  is  to  dissolve  the  cotarnine  in  nitric  acid 
diluted  with  about  twice  its  bulk  of  water,  and  then  adding  strong 
nitric  acid,  to  raise  the  mixture  to  the  boiling-point.  Red  fumes  are 
copiously  evolved,  and  after  some  time,  a  little  of  the  fluid  is  taken  out 
and  mixed  with  a  considerable  quantity  of  alcohol  and  ether.  If,  on 
standing  for  a  short  time,  crystals  are  deposited,  the  whole  fluid  is 
treated  in  the  same  manner;  but  if  they  do  not  appear,  the  digestion 
is  continued  somewhat  longer,  and  it  is  tried  again,  and  so  on,  until 
the  right  point  is  attained.  The  fluid,  mixed  with  alcohol  and  ether,  is 
allowed  to  stand  for  twenty-four  hours,  and  the  precipitated  crystals 
are  separated  by  filtration.  This  substance  agrees  in  all  respects  with 
the  apophyllic  acid  obtained  by  Wohler  as  a  product  of  the  action  of 
bichloride  of  platinum  upon  cotarnine,  but  which  he  obtained  in  too 
small  a  quantity  for  examination  and  analysis. 

Apophyllic  Acid. — The  acid,  after  being  purified  by  crystallisation, 
and,  if  necessary,  by  animal  charcoal,  presents  all  the  characters 
attributed  to  it  by  Wohler,  and  may  be  obtained  either  in  hydrated 
or  anhydrous  crystals.  It  is  soluble  in  water,  but  not  in  alcohol  or 
ether.  It  dissolves,  also,  in  concentrated  sulphuric  acid.  It  fuses  at 
401°  F.,  and  on  cooling  solidifies  into  a  crystalline  mass.  All  its  salts 
are  extremely  soluble.  Its  analysis  gave  results  corresponding  with 
the  formula 

which  has  been  confirmed  by  the  analysis  of  its  silver-salt.  Its  for- 
mation from  cotarnine  cannot  be  distinctly  traced,  as  several  other 
substances  are  formed  simultaneously,  which  I  have  not  examined ; 
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but  if  we  add  to  cotarnine  two  equivalents  of  oxygen  and  subtract 
from  it  the  formula  of  apophyllic  acid,  the  difference  is  Cjo  Hg : 

Cotarnine +  20        .         .         Cgg  Hjg  N  Og 
Apophyllic  acid        .         .         C^g  H  ^  N  O3 


I  have  been  unable  to  ascertain  whether  this  group  of  atoms  passes 
into  any  particular  form  of  combination,  or  whether  it  is  entirely 
oxidised,  which  is  possible.  In  its  composition,  apophyllic  acid  is 
curiously  related  to  anthranilic  acid,  from  which  it  differs  by  two 
equivalents  of  carbonic  acid. 

CigH^NOg^C,,  H,N0,  +  2C0, 

Apophyllic  acid.       Anthranilic  acid. 

According  to  Wohler,  apophyllic  acid,  when  distilled,  yields  a 
quantity  of  Chinoline ;  but  now  that  its  constitution  is  known,  we 
should  rather  expect  the  production  of  aniline,  which  would  be  formed 
from  it  by  the  removal  of  four  equivalents  of  carbonic  acid,  thus  : 

C16  H7  N08-4  COo  =  Ci2  H7  N 

By  distillation  I  obtained  a  quantity  of  a  base  which  had  a  slightly 
aromatic  odour,  but  gave  no  reaction  of  aniline  with  chloride  of  lime. 
I  did  not  obtain  it  in  sufficient  quantity  for  analysis.  It  is  not  the 
only  product  of  decomposition,  a  non-basic  oil  making  its  appear- 
ance at  the  same  time. 

Apophijllate  of  Silver. — This  salt  can  only  be  obtained  by  digesting 
the  acid  with  moist  carbonate  of  silver,  and  precipitating  with  a 
mixture  of  alcohol  and  ether.  It  is  thrown  down  as  a  crystalline 
})owdcr,  which  is  veiy  soluble  in  water,  and  insoluble  in  alcohol  and 
ether.  It  does  not  explode  when  heated,  but  burns  slowly  and  leaves 
metallic  silver.     It  is  represented  by  the  formula  AgO  .  Cjg  Hg  NO^. 

Apophyllaie  and  Nitrate  of  Silver. — When  a  solution  of  nitrate  of 
silver  is  added  to  an  alkaline  apophyllate,  a  sparingly  soluble  crystal- 
line salt  is  obtained,  which  explodes  violently  when  heated,  and  has 
been  described  by  Wiihler  as  apophyllate  of  silver.  It  is,  however, 
a  compound  of  that  salt  with  the  nitrate  of  silver,  and  is  represented 
by  the  formula  AgO  .  Cig  llg  NO,  +  AgO  .  NO5. 

Apopliijllute  of  Ammonia  forms  very  small  prismatic  needles, 
highly  soluble  in  water. 

Apophyllate  of  Baryta  is  obtained  by  digesting  the  acid  with 
carbonate  of  baryta,  and  adding  alcohol  to  the  fluid,  when  it  is  pre- 
cipitated in  wart-Hke  crystals. 

Associated   with    apophylHc    acid,    another    substance    was    once 
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obtained  in  yellow  needles,  the  analysis  of  which  gave  results  cor- 
responding with  the  formula  Cgg  Hj3  NO14,  but  want  of  material  has 
prevented  its  further  examination,  and  on  another  occasion  a  third 
substance  was  detected.  Both  these  substances  deserve  further 
examination. 

When  the  solution  from  which  the  apophyllic  acid  has  been  thrown 
down  is  distilled,  a  syrupy  fluid  is  obtained,  which,  on  the  addition  of 
potash,  evolves  the  odour  of  a  volatile  base.  In  order  to  obtain  this 
base,  a  considerable  excess  of  potash  was  added  to  the  syrupy  fluid, 
and  the  whole  distilled.  A  highly  alkaline  fluid  passed  into  the 
receiver,  which  was  saturated  with  hydrochloric  acid,  evaporated,  and 
the  residue  dissolved  in  absolute  alcohol.  The  alcohol,  on  distillation, 
yielded  a  salt  in  fine  scales,  which  gave  a  fine  golden-yellow  double 
salt  with  bichloride  of  platinum,  and  proved  on  analysis  to  be  the 
platinum  compound  of  methylamine.  On  another  occasion  the 
presence  of  ethylamine  was  detected;  and  indications  of  another 
base,  with  a  much  higher  atomic  weight,  were  also  obtained. 

The  following  is  a  tabular  statement  of  the  substances  described  in 
the  paper. 

Narceine    ....  C^q  H2g  NOjg 

Hydrochlorate  of  narceine  .  C^g  H^g  NOjg  .  HCl 

Platinochloride  of  narceine  .  C^g  H29  NO^g  .  HCl .  Pt  CL 

Robiquet's  narceine  .  Cg,  Hjg  HOjq  (?) 

Thebaine             .          .  .  C^l  R.^  NOg 

Hydrochlorate  of  thebaine  .  Cgg  H21  NOg .  HC1  +  2  HO 

Platinochloride  of  thebaine  .  C.g  B^^  NOg.  HCl .  Pt  Clg  +  2  HO 

Tcropiammon     .          .  .  CgQ  H29  NOog 

Opianyl     .          .          .  .  C20  H^^  Og 

Hydrate  of  opianyl      .  .  C.^q  H^^  Og-fHO 

Opianic  acid       .         .  .  Coq  Hjq  Ojq 

Opianic  ether     .         .  .  C^  Hg  0  .  Cgo  Hg  Og 

Heraipinic  acid  .         .  .  C^^  H^q  0^^ 

Acid  hemipinate  of  potash  .  KO  .  HO  .  Cgo  Hg  O^ 

Hemipinate  of  silver  .  .  2  Ag  0  .  Cqq  Hg  O^q 

Hemipinoviuic  acid    .  .  HO  .  C^  H^  0  .  C2y  Hg  Ojq 

Apophyllic  acid           .  .  C^g  H^  NOg 

Apophyllate  of  silver  .  .  AgO  .  C,g  Hg  NOj 

Methylamine     .          .  .  C2  Hg  N 

Ethylamine        .          .  .  C^  H^  N 
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On  tiie   extraction   of  Oxygen  Gas  from  Atmospheric  Air.* 
Ity  91.   Boussin  gault. 

It  is  somewhat  remarkable  that  no  attempt  has  ever  been  made  to 
obtain  oxygen  from  the  atmosphere  in  quantity  sufficient  for  any 
useful  purpose.  In  fact,  the  celebrated  experiment  of  Lavoisier,  in 
which  he  converted  mercury  into  the  red  oxide,  by  boiling  it  for  a 
long  time  in  the  air  and  afterwards  decomposing  the  resulting  oxide 
at  a  red  heat,  appears  to  be  the  only  instance  in  which  the  oxygen 
of  the  air  has  actually  been  separated  from  the  nitrogen,  and  exhibited 
in  the  free  state  ;  and  it  is  scarcely  necessary  to  observe,  that  the 
quantity  yielded  by  this  process,  is  insufficient  for  any  purpose  beyond 
the  mere  demonstration  of  the  fact. 

Among  the  very  few  substances  which  might  be  made  available  for 
the  actual  separation  of  oxygen  from  the  air,  baryta  appears  to  present 
the  greatest  advantages,  from  its  well  known  property  of  absorbing 
oxygen  readily  from  the  air  at  a  low  red  heat,  and  passing  to  the  state 
of  peroxide  of  barium,  which,  on  subsequent  exposure  to  a  full  cherry- 
red  heat,  gives  up  its  second  atom  of  oxygen,  and  is  reconverted  into 
baryta.  The  baryta  may  thus  be  reoxidised  at  a  low  red  heat,  once 
more  restored  to  its  original  state  at  a  higher  temperature,  and  thus 
the  process  may  be  made  continuous. 

The  apparatus  used  for  carrying  this  process  into  eflFect,  consists  of 
a  tube  of  porcelain,  or  glazed  earthenware,  inserted  through  a  dome- 
furnace.  The  baryta  is  introduced  in  fragments  into  this  tube,  at  the 
entrance  to  which  is  placed  a  stopcock  to  regulate  the  access  of 
air.  To  the  other  end  of  the  tube  are  adapted  two  exit-tubes,  also 
furnished  with  stopcocks ;  the  one  communicating  with  an  aspirator, 
the  other  with  a  gasometer. 

The  tube  is  first  raised  to  a  dull  red  heat,  and  the  air  made  to  pass 
through  it,  by  allowing  the  water  to  run  from  the  aspirator;  the 
baryta  then  becomes  oxidised.  After  a  certain  time,  when  the 
oxidation  is  thought  to  be  sufficiently  advanced  (it  need  not  be 
complete),  the  stopcock  which  admits  the  air,  and  likewise  the  stop- 
cock of  the  aspirator  are  closed,  and  communication  is  established 
between  the  tube  and  the  gasometer.  The  temperature  is  then  raised 
by  opening  the  ash-door  of  the  furnace,  and  after  a  short  time,  the 
oxygen  which  the  baryta  had  absorbed  is  given  off,  and  passes 
into  the  gasometer.  When  the  disengagement  of  gas  is  finished 
(and  it  is  very  ra[)id),  the  gasometer  is  closed,  the  fii*e  lowered  by 
closing  the  ash-door,  and  the  aspirator  again  set  in  action.  By  this 
means  the  baryta  is  reoxidised,  and  will  tlicn  give  up  a  fresh  portion 
of  oxygen  on  being  more  strongly  heated;  and  these  two  operations 
may  be  continually  repeated.     The  baryta,  in  fact,  at  a  red  heat,  acts 

*  Ann.  Cli.  Phys.  [3],  XXX,  5  ;  Compt.  rend.  XXX,  2G1  and  821. 
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as  a  filter,  which  retains  the  oxygen  of  the  air  and  lets  the  nitrogen 
pass. 

In  the  course  of  the  experiments  made  with  this  apparatus,  it  was 
found  that  the  baryta,  after  having  been  used  several  times,  and 
occasionally  even  after  the  second  operation,  lost,  in  a  great  measure, 
its  power  of  absorbing  oxygen.  This  diminution  of  absorbing  power 
was  equally  apparent  when  the  baryta  was  oxidised  in  a  current  of 
air  carefully  freed  from  water  and  cnrbonic  acid,  and  even  when  the 
oxidation  was  effected  by  a  stream  of  pure  oxygen ;  hence  it  was  not 
due  to  any  change  produced  in  the  baryta  by  carbonic  acid,  water,  or 
other  impurities  in  the  air.  It  was  for  some  time  attributed  to  a 
partial  fusion  or  vitrification  taking  place  at  the  surface  of  the  baryta, 
in  consequence  of  the  presence  of  silica  and  alumina  derived  from  the 
earthen  vessels  in  which  the  baryta  was  calcined.  More  careful 
experiments,  however,  showed  that,  with  pei-fectly  pure  baryta, 
calcined  in  platinum  vessels,  the  same  diminution  of  absorbing  power 
was  apparent. 

The  true  cause  of  the  diminution  Avas  ultimately  found  in  the 
gradual,  but  complete  desiccation  which  the  baryta  undergoes  by  the 
continued  passage  of  dry  air  over  it.  In  fact,  M.  Boussingault^s 
experiments  show  that  pure  anhydrous  baryta  has  very  little  tendency 
to  absorb  oxygen ;  but  that  the  hydrate,  when  heated  to  dull  redness 
in  a  current  of  air,  readily  gives  up  its  water,  and  is  converted  into 
peroxide  of  barium. 

Now,  baryta  prepared  in  the  ordinary  way  is  never  perfectly  diy  ; 
for  though  in  calcining  the  nitrate,  any  water  that  may  be  present  is 
driven  off  by  the  heat,  the  baryta  nevertheless  absorbs  more  or  less 
water  as  it  cools — more  especially  as,  in  order  to  remove  it  from  the 
crucible,  it  is  necessary  to  break  it  up.  Now,  this  partially  hydrated 
baryta,  when  first  subjected  to  the  action  of  the  air  at  a  low  red 
heat,  absorbs  oxygen  with  facility;  but  as  its  water  is  gradually 
abstracted,  its  power  of  absorption  becomes  less  and  less. 

The  easy  conversion  of  hydrate  of  baryta  into  peroxide  of  barium 
by  a  current  of  dry  air,  joined  with  the  well-known  fact,  that  the 
peroxide  is  readily  converted  into  the  hydrate  by  boiling  w^ater  or  its 
vapour,  suggests  the  means  of  separating  the  oxygen  of  the  air  at  a 
much  lower  temperature  than  by  the  process  already  described, 
thereby  economising  fuel,  and  avoiding  the  destructive  action  which 
the  bai-yta  exerts  upon  the  earthenware  tubes  at  high  temperatures. 
In  fact,  the  decomposition  of  the  hydrate,  and  oxidation  of  the 
baryta,  take  place  at  a  dull  red  heat ;  and  the  decomposition  of  the 
peroxide  by  vapour  of  water  may  be  effected  at  a  still  lower  tem- 
perature, viz.,  at  100°  C. 

In  carrying  out  this  process,  however,  considerable  difficulty  was 
experienced  from  the  extreme  fusibility  of  the  hydrate.  This  substance 
becomes  liquid  at  a  red  heat ;  hence  it  was  necessary  to  place  it  in  a 
long  silver  boat,  occupying  the  whole  length  of  the  heated  portion 
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of  the  porcelain  tube;  but  in  a  short  time,  the  crust  of  peroxide 
formed  on  the  surface,  opposed  so  great  an  obstacle  to  the  action  of 
the  air,  that  the  oxidation  took  place  very  slowly.  This  inconvenience 
was  ultimately  remedied  by  mixing  the  hydrate  of  baryta  with  hydrate 
of  lime,  or  with  magnesia. 

The  mixture  is  introduced  into  a  porcelain  tube,  and  kept  in  its 
place  by  two  plugs  of  asbestus.  It  is  then  oxidised  by  a  rapid 
current  of  air,  the  tube  being  kept  at  a  dull  red  heat ;  and  when  the 
oxidation  has  proceeded  far  enough,  the  connexion  with  the  gasometer 
is  established,  and  a  jet  of  steam  introduced  into  the  tube  from  a 
small  boiler  disposed  for  the  purpose.  The  peroxide  of  barium  is 
then  immediately  reconverted  into  hydrate  of  baryta,  and  the  excess 
of  oxygen  is  given  off.  The  baryta  is  then  reoxidised  by  a  fresh 
current  of  air,  again  deoxidised  by  vapour  of  water,  and  thus  the 
process  is  made  continuous. 

Barj'ta  thus  treated  appears  to  retain  its  powder  of  absorbing 
oxygen  for  any  length  of  time. 

In  the  process  just  described,  we  have  perhaps  an  example  of  the 
influence  of  mass  in  chemical  decomposition.  In  the  one  case,  a 
large  quantity  of  air  expels  the  water  from  hydrate  of  baryta,  and 
puts  oxygen  in  its  place ;  in  the  other,  at  the  same  temperature,  a 
continuous  current  of  vapour  of  water  expels  the  oxygen  from 
peroxide  of  barium,  and  reconverts  it  into  hydrate  of  baryta. 

This  mode  of  extracting  oxygen  from  the  air  has  hitherto  been 
used  only  in  laboratory  experiments ;  but  there  appears  to  be  no 
reason  against  its  use  on  the  large  scale.  In  fact,  10  kilogrammes  of 
baryta,  if  completely  oxidised  and  deoxidised,  will  yield  730  litres  of 
oxygen  gas  ;  and  even  supposing  that,  for  the  sake  of  quickness  of 
operation,  this  quantity  were  reduced  to  600,  we  might,  by  operating 
on  100  kilogrammes  of  substance  heated  in  eight  or  ten  cylinders, 
obtain  at  each  deoxidation,  GOOO  litres  of  oxygen ;  and  supposing 
four  or  five  such  operations  to  be  gone  through  in  four-and-twenty 
hours,  the  product  would  be  from  24,000  to  30,000  litres  of  gas  (or, 
in  English  measures,  from  5000  to  6000  gallons  of  gas  from  8  or 
9  cwt.  of  baryta). 

As  baryta  is  now  prepared  in  large  quantities,  its  use  would  not 
present  any  difficulty ;  but  in  order  that  the  process  may  be  advan- 
tageously conducted  on  the  manufacturing  scale,  there  arc  still  many 
points  to  be  determined.  Thus  it  would  be  necessary  to  determine 
the  manner  in  which  the  oxidation  is  affected  by  the  velocity  of  the 
current  of  air,  and  whether  it  would  not  be  advisable  to  use  hot  air 
in  order  to  accelerate  the  operation,  and  avoid  loss  of  heat.  The 
necessity  for  the  presence  of  water  in  the  oxidising  process  may  be 
considered  as  established  ;  but  it  still  remains  to  determine  the 
quantity  of  vapour  which  the  air  should  contain,  in  order  to  act  to  the 
greatest  advantage. 
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Glectro-Cliemlcal  Researches  on  the  Properties  of  Electrified  Bodies.'' 
By  E.  Frcniy  and  E.  Becquerel. 

For  some  years,  the  attention  of  chemists  has  been  directed  to  the 
singular  modifications  which  certain  bodies  present  when  sub^iiitted 
to  the  action  of  a  moderately  elevated  temperature.  It  is  known,  for 
example,  that  sulphur  and  phosphoru=;,  when  thus  treated,  acquire 
new  properties.  The  authors  propose  to  examine,  in  a  series  of 
memoirs,  whether  electricity  is  capable  of  altering  the  physical  and 
chemical  characters  of  bodies  in  a  similar  manner  to  heat ;  and  have, 
in  the  first  place,  directed  their  attention  to  the  remarkable  effects 
presented  by  oxygen  under  certain  circumstances,  and  commonly 
attributed  to  the  formation  of  a  peculiar  principle,  called  Ozone.  This 
body  appears,  in  fact,  to  be  produced  whenever  oxygen  is  subjected 
to  electrical  influence  ;  but  its  production,  or  the  effects  attributed  to 
it,  take  place  in  different  degrees  according  to  the  kind  of  electricity 
employed. 

1 .  The  voltaic  battery  cannot  be  used  for  determining  the  nature 
of  ozone,  because  the  amount  of  the  active  principle  existing  in  the 
oxygen  thereby  obtained  is  very  small. 

2.  The  arc  formed  on  breaking  the  voltaic  current,  does  not 
appear  to  modify  oxygen  in  the  same  manner  as  the  ordinary  spark, 
probably  because  the  rise  of  temperature  which  accompanies  it, 
destroys  what  the  electricity  might  produce.  It  appears,  however, 
that  the  voltaic  arc  is  capable  of  inducing  the  combination  of  gases, 
acting,  in  fact,  like  spongy  platinum,  or  the  common  electric  spark. 
The  authors  have,  by  means  of  the  voltaic  arc,  induced  the  direct 
combination  of  nitrogen  with  oxygen,  to  form  nitric  acid;  of  hydrogen 
with  nitrogen,  to  form  ammonia ;  and  of  sulphurous  acid  with  oxygen, 
to  form  anhydrous  sulphuric  acid. 

3.  The  spark  proceeding  from  induced  currents,  and  produced  by 
means  of  the  apparatus  lately  constructed  by  M.  Ruhmkorf,  acts 
like  the  spark  of  the  ordinary  electrical  machine,  and  enables  the 
operator  to  repeat,  without  fatigue,  all  the  experiments  which  can  be 
made  with  the  machine. 

4.  Pure  oxygen  enclosed  in  glass  tubes,  together  with  a  strip  of 
paper  saturated  with  starch  and  iodide  of  potassium,  may  be  electrified 
by  induction,  by  means  of  a  succession  of  sparks  passing  along  the 
external  surface  of  the  tube ;  the  paper  begins  to  turn  blue  after  the 
passage  of  a  few  sparks.  This  colouring  is  due  to  the  electrization  of 
the  oxygen,  and  not  to  any  electrolytic  decomposition  of  the  iodide ; 
for  when  the  experiment  is  made  in  an  atmosphere  of  hydrogen,  no 
blueing  is  produced.     This  fact  is  the  more  remarkable,  inasmuch  as 

*  Aun.  Ch.  Phys,   [.S],  XXXV,  62;  abstr.  Compt.  Reud.  XXXIV,  399;  J.  Pharm. 
[3],  XXXI,  321. 
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the  oxygen  is  electrified  without  the  intei*vention  of  metallic  wires, 
and  consequently  when  there  can  be  no  transference  of  particles  by 
the  spark. 

5.  Oxygen  prepared  by  the  most  various  methods,  e.  g.,  by 
calcining  the  oxides  of  manganese,  mercury,  and  silver,  by  the 
decomposition  of  chlorate  of  potash,  and  by  the  electrolysis  of  water, 
acquires  a  peculiar  odour  and  very  decided  oxidating  powers  when 
subjected  to  the  influence  of  electricity ;  these  properties  are  exhibited 
by  oxygen  in  the  greatest  state  of  purity  obtainable.  Oxygen  thus 
electrified,  loses  its  oxidating  properties  when  placed  in  contact  with 
iodide  of  potassium ;  but  its  odour  and  oxidizing  powers  may  be 
restored  by  fresh  electrization ;  this  experiment  may  be  repeated  any 
number  of  times  with  the  same  gas. 

These  facts  show  that  the  oxidating  power  of  electrified  oxygen  is 
not  due  to  the  presence  of  any  foreign  substance  in  the  gas.  The 
following  experiments  were  made  for  the  purpose  of  rendering  a  given 
volume  of  oxygen  totally  absorbable  in  the  cold  by  mercury,  silver, 
or  iodine  of  potassium. 

6.  When  pure,  dry  oxygen  gas  is  enclosed  in  a  series  of  glass 
tubes,  and  submitted,  as  above,  to  the  action  of  the  electric  spark, 
and  one  end  of  each  tube  then  broken,  to  find  how  much  of  the  gas 
has  been  rendered  capable  of  absorption  by  the  alkaline  iodide,  it  is 
found  that  for  several  hours  the  modification  increases  in  proportion 
to  the  time  of  electrization,  and  afterwards  appears  to  diminish, 
probably  because  the  spark  destroys  that  which  it  had  before 
produced. 

7.  The  difficulties  attending  the  preceding  experiment,  induced 
the  authors  to  study  the  action  of  electrized  oxygen  on  certain 
absorbing  substances,  capable  of  immediately  taking  up  the  oxygen 
which  has  been  subjected  to  the  action  of  electricity,  and  thereby 
removing  it  from  the  decomposing  action  of  an  excess  of  that  agent. 
A  series  of  electric  sparks  was  therefore  passed  through  small 
eudiometric  tubes  filled  \vith  oxygen,  and  either  placed  over  moist 
mercury  or  a  solution  of  iodine  of  potassium,  or  having  a  moist 
silver  plate  introduced  into  them.  The  oxygen  was  then  regularly 
absorbed  under  the  infiuence  of  the  electric  spark,  and  in  several 
experiments,  com])lcte  absorption  took  place. 

8.  Finally,  to  remove  all  doubts  respecting  the  particular  activity 
imparted  to  oxygen  by  the  electric  spark,  the  preceding  experiments 
were  repeated  wnth  sealed  tubes.  For  this  purpose,  iodide  of 
jiotassium  and  moist  silver  were  introduced  into  tubes  filled  with 
pure  oxygen,  and  the  tubes  were  then  sealed.  These  tubes  w^ere 
subjected  for  several  days  to  electric  action  ;  the  spark,  which  was 
very  brilliant  at  first,  became  paler  and  })aler ;  and,  after  a 
while  nearly  invisible.  The  ends  of  the  tubes  wx're  then  broken 
under  water,  whereupon  the  water  rushed  in  and  filled  them  com- 
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pletely,  showing  that  the  oxygen  had  been  entirely  absorbed  in  the 
cold  by  the  silver  and  by  the  alkaline  iodide.  To  render  these 
experiments  decisive,  it  was  previously  ascertained :  I.  That  the 
oxygen  is  not  absorbed  by  pure  water,  by  the  sides  of  the  glass 
vessel,  or  by  the  platinum  wires ;  II.  That  the  presence  of  water  is 
required,  not  to  develop  the  activity  of  the  oxygen,  but  to  enable 
the  active  oxygen  to  act  on  the  metals  and  the  alkaline  iodide ; 
III.  That  the  electric  spark  does  not  decompose  iodide  of  potassium 
by  influence. 

The  experiments  above  described  may  be  considered  as  affording 
rigorous  proof  that  oxygen  may,  by  the  influence  of  electricity,  be 
rendered  wholly  absorbable  at  ordinary  temperatures,  by  iodide  of 
potassium,  and  by  several  metals — mercury  and  silver,  for  example. 
They  likewise  confirm  the  latest  results  obtained  by  Schonbein, 
Marignac,  and  De  la  Rive,  respecting  the  nature  of  the  so-called 
ozone,  and  show  that  electricity  by  acting  upon  oxygen,  develops  new 
properties,  which  did  not  exist  in  it  before.  The  authors  therefore 
propose  to  give  the  name  of  Electrized  Oxygen  to  the  gas  thus 
modified  by  electric  influence,  and  to  abandon  the  term  Ozone,  which 
gives  the  idea  of  the  transformation  of  the  oxygen  into  another  body. 


On  tlie  preparation  of  pure  Acetic  Acid  from  Wood-Vinegar  and 
Brandy-Vinegar.* 

By  C.  Volckel. 

The  ordinary  mode  of  preparing  pure  acetic  acid  from  wood- 
vinegar,  viz.,  by  converting  the  latter  into  acetate  of  soda,  freeing 
this  salt  from  empyreumatic  substances  by  roasting  and  fusion,  and 
then  decomposing  it  by  sulphuric  acid,  is  both  tedious  and  expensive, 
in  consequence  of  the  roasting  and  repeated  crystallizations  required ; 
consequently,  the  acetic  acid  thus  obtained  cannot  be  economically 
used  for  the  preparation  of  pure  acetate  of  lead,  that  salt  being  in 
fact  obtained  much  more  cheaply  from  brandy-vinegar.  Various 
attempts  have  therefore  been  made  to  purify  the  acetic  acid  in  wood- 
vinegar  at  a  cheaper  rate ;  and  for  this  purpose  the  author  proposes 
the  following  process,  consisting  essentially  in  the  conversion  of  the 
crude  acid  into  acetate  of  lime,  and  the  decomposition  of  that  salt  by 
hydrochloric  acid. 

To  obtain  acetate  of  lime  in  a  sufficient  state  of  purity,  the  crude 
acid  is  saturated  with  lime,  without  previous  distillation,  whereupon 
a  part  of  the  resinous  impurities  separate  out  in  combination  with 
lime,  while  the  rest  remain  in  the  liquid,  imparting  to  it  a  dark 

*  Ann.  Ch.  Pharm.  LXXXII,  49. 
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brown  colour ;  and  the  liquid  is  clarified  by  filtration,  or  by  simply 
lea^^ng  the  impurities  to  settle  down,  and  afterwards  evaporated  in 
an  iron  pot  to  about  one  half  its  bulk.  Hydrochloric  acid  is  then 
added  in  such  quantity,  that  a  small  sample  of  this  liquid  may  dis- 
tinctly redden  litmus  after  cooling.  This  causes  the  dissolved  resin 
to  separate  and  collect  together  in  the  boiling  liquid,  so  that  it  can 
easily  be  skimmed  off — and  likewise  decomposes  the  lime-compounds 
of  creosote  and  other  volatile  substances,  which  may  J;hen  be  expelled 
by  further  evaporation.  The  quantity  of  hydrochloric  acid  required 
for  this  purpose,  varies  of  course  with  the  constitution  of  the  wood- 
viuegar,  which  again  varies  with  the  degree  of  moisture  of  the  wood 
from  which  the  acid  is  obtained  ;  but  the  average  quantity  is  from 
4  to  6  pounds  for  150  litres  (33  gallons)  of  the  wood- vinegar.  The 
solution  of  acetate  of  lime  is  then  further  evaporated,  and  ultimately 
dried  at  a  high  temperature,  to  drive  off  all  volatile  substances.  The 
evaporation  and  drying  may  generally  be  performed  in  the  same  iron 
vessel ;  but  in  operating  on  a  very  large  scale,  it  is  best  to  dry  the 
salt  on  cast-iron  plates  :  the  drying  requires  the  greatest  care.  The 
volatile  empyreumatic  substances  adhere  very  tenaciously  to  the 
acetate  of  lime,  and  to  the  resin  contained  in  it,  and  unless  driven  ofiF 
by  heat,  they  pass  over  in  the  subsequent  distillation  together  with 
the  acetic  acid,  and  impart  to  it  a  bad  odour.  The  drpng  must 
therefore  be  continued  till  the  acetate  of  lime  becomes  inodorous,  or 
nearly  so.     When  thoroughly  dried,  it  has  a  dirty-brown  colour. 

To  obtain  the  acetic  acid  from  this  salt,  it  is  distilled  with  hydro- 
chloric acid.  The  distillation  may  be  performed  in  a  still,  with 
copper  head  and  leaden  condensing-tube ;  if  the  operation  be  con- 
ducted with  proper  care,  neither  copper  nor  lead  is  found  in  the 
distillate.  The  quantity  of  hydrochloric  acid  required  cannot  be 
exactly  given,  because  the  acetate  of  lime  contains  variable  quantities 
of  foreign  matters,  viz.,  resin,  and  chloride  of  calcium  already 
formed.  In  general,  however,  from  90  to  95  parts  of  hydrochloric 
acid,  of  20°  Baume,  or  sp.  gr.  1'16,  will  completely  decompose  100 
parts  of  acetate  of  lime,  without  causing  the  distillate  to  be  much 
contaminated  with  hydrochloric  acid.  In  any  given  case,  the  quantity 
of  hydrochloric  acid  required  is  easily  determined  by  an  experiment 
on  a  small  scale.  The  apparatus  may  likewise  be  so  arranged,  as  to 
allow  of  the  subsequent  addition  of  hydrochloric  acid,  in  case  of  the 
quantity  first  put  in  being  found  insufficient.  Whether  the  quantity 
introduced  is  sufficient,  may  be  known  by  testing  the  distillate  with 
nitrate  of  silver ;  so  long  as  mere  turbidity  is  produced,  we  may  be 
sure  that  the  hydrochloric  acid  is  not  in  excess. 

The  distillation  of  the  acetic  acid  proceeds  with  ease  and  regularity. 
The  acetate  of  lime  dissolves  in  the  hydrochloric  acid,  forming  a 
dark-coloured  liquid,  while  a  quantity  of  coloured  resin  separates  out. 
As  the  whole  mass  is  liquid,  the  heat  diffuses  through  it  easily ;  and 
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as  the  acetic  acid  passes  over  between  100°  and  120°,  and  the  acetate 
of  lime  has  been  ah-eady  exposed  in  drying  to  a  higher  temperature, 
the  distilled  acid  is  but  very  slightly  contaminated  with  empyrcumatic 
products  resulting  from  decomposition  of  the  resin.  ]\Ioreover,  the 
resinous  matters,  being  lighter  than  the  chloride  of  calcium  solution, 
float  on  the  top,  and  do  not  form  hard  incrustations  in  the  still. 

The  distilled  acetic  acid  has  but  a  very  slight  empyrcumatic  odour, 
which  is  also  very  different  from  that  of  crude  wood-vinegar.  It  is 
perfectly  colourless,  and,  if  the  hydrochloric  acid  has  not  been  added 
in  excess,  gives  but  a  slight  cloud  with  nitrate  of  silver.  Any  yellow 
tint  that  it  may  exhibit,  arises  from  particles  of  resin  mechanically 
carried  over  ;  for  the  resin  separated  from  the  acetate  of  lime  by 
the  hydrochloric  acid,  melts  as  the  temperature  rises,  and  forms  a 
fluid  layer  on  the  surface  of  the  chloride  of  calcium  solution,  which 
is  very  apt  to  cause  spirting.  The  resin  should  therefore  be  moved 
as  far  as  possible  before  distillation,  either  by  skimming  it  off"  with  a 
spoon,  or  by  filtering  through  a  linen  cloth. 

The  specific  gravity  of  the  acetic  acid  obtained  by  this  process, 
varies  from  1*058  to  1-061,  corresponding  nearly  to  8°  Baume,  or 
10°  Beck.  It  contains  more  than  40  per  cent  of  anhydrous  acetic 
acid. 

As,  however,  acetic  acid  of  this  degree  of  concentration  is  rarely  used, 
and  a  somewhat  weaker  acid  is  more  easily  separated  by  distillation 
from  .the  solution  of  chloride  of  calcium,  it  is  better  to  add  a  certain 
quantity  of  water,  either  before  or  towards  the  end  of  the  distillation. 
A  good  proportion  is  : — 100  parts  acetate  of  lime,  from  90  to  95  of 
hydrochloric  acid,  and  25  of  water.  This  gives  from  95  to  100  parts 
of  acetic  acid,  of  7°  Baume,  or  sp.  gr.  1*105.  In  this  manner  150  litres 
of  wood-vinegar  will  yield  60  pounds  of  acetic  acid  of  this  strength. 

The  acetic  acid  thus  obtained;  may  be  still  further  purified  by 
mixing  it  with  a  small  quantity  of  carbonate  of  soda,  and  distilling  it 
again.  The  acid  which  passes  over  is  free  from  hydrochloric  acid 
and  perfectly  colourless,  but  still  retains  a  slight  empyrcumatic  odour. 
But  even  this  may  be  removed  by  distilling  it  with  2  or  3  per  cent  of 
bichromate  of  potash  instead  of  carbonate  of  soda. 

Acetic  acid  purified  with  bichromate  of  potash  is,  in  fact,  undis- 
tinguishable  from  that  which  is  obtained  from  pure  acetate  of  soda 
by  distillation  wdth  sulphuric  acid,  or  from  pure  acetate  of  lime  with 
hydrochloric  acid.  It  does  not  exhibit  the  slightest  colour  when 
heated  with  strong  sulphuric  acid,  nor  does  it  reduce  the  smallest 
quantity  of  silver  when  boiled  with  nitrate  of  silver  and  ammonia. 
When  saturated  with  oxide  of  lead,  it  also  yields  a  colourless  salt, 
the  analysis  of  which  agrees  perfectly  with  that  of  pure  acetate  of 
lead.  Peroxide  of  manganese  may  also  be  used  for  the  purification, 
instead  of  bichromate  of  potash ;  but  the  acid  thus  purified,  gives, 
after  a  while,  a  slight  turbidity  with  nitrate  of  silver ;  any  empyreu- 
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matic  odour  that  it  may  retain  may  be  removed  by  digestion  with 
purified  animal  charcoal. 

As  the  acetic  acid  can  be  so  easily  freed  from  hydrochloric  acid,  a 
slight  excess  of  the  latter  during  distillation  is  not  injurious ;  on  the 
contrary,  the  presence  of  a  small  quantity  of  hydrochloric  acid  is  very 
useful  for  the  purification  of  the  acetic  acid  with  manganese  or 
bichromate  of  potash. 

The  rectification  of  acetic  acid  with  bichromate  of  potash  or  with 
manganese,  may  be  very  well  conducted  in  a  copper  still,  with  leaden 
condensing  tube :  the  acid  thus  prepared  can  only  be  contaminated 
with  a  small  quantity  of  acetate  of  lead.  If,  however,  access  of  air 
be  prevented*  during  the  distillation,  this  impurity  will  be  confined 
to  the  first  and  last  portions  of  the  distillate ;  and  by  collecting  these 
apart,  to  be  used  for  the  preparation  of  acetate  of  lead,  the  greater 
part  of  the  acid  may  be  obtained  free  from  lead.  With  these  precau- 
tions, the  use  of  glass  or  silver  heads  and  condensing  tubes  may  be 
dispensed  with. 

The  preparation  of  acetic  acid  by  the  method  just  described,  may 
be  rendered  simpler  by  subjecting  the  wood-vinegar  to  a  previous 
distillation,  and  thereby  removing  the  greater  part  of  the  resin.  But 
this  previous  distillation  entails  increased  expense  for  labour  and  fuel, 
because  the  same  liquid  mast  be  twice  evaporated;  moreover,  part  of 
the  acetic  acid  remains  with  the  tar  in  the  still.  On  the  small  scale 
the  loss  thus  occasioned  is  unimportant ;  but  in  a  large  manufac- 
tory, it  would  amount  to  something  considerable  in  the  course  of  a 
year. 

The  expense  occasioned  by  previous  distillation  of  the  wood-vinegar 
may  be  avoided  by  the  use  of  a  compound  still.  The  vapour  of  the 
wood-vinegar,  instead  of  being  condensed  immediately,  is  made  to 
pass  into  a  copper  receiver  containing  the  quantity  of  lime  i-equircd 
to  saturate  the  acid,  which  is  thereby  completely  absorbed.  If  the 
copper  receiver  be  surrounded  by  some  substance  which  is  a  slow 
conductor  of  heat,  but  little  aqueous  vapour  condenses  in  it.  This 
vapour  may  be  advantageously  used  to  evaporate  a  solution  of 
lime  resulting  from  a  previous  operation.  This  process  is,  however, 
more  complicated,  and  does  not  yield  more  acetic  acid  than  the 
simpler  one  first  described. 

The  method  here  recommended  is  much  cheaper,  and  yields  a 
much  purer  product  than  the  ordinary  method  of  distilling  impure 
acetate  of  lime  with  sulphuric  acid.  Moreover,  by  the  addition  of 
hydrochloric  acid  during  the  evajjoration  of  the  impure  acetate,  the 
volatile,  slightly  acid  bodies  contained  in  the  wood-vinegar,  are 
removed  much  more  easily  than  by  the  use  of  a  solution  of  chloride 
of  calcium  (Schnedermann),  or  by  roasting  the  impure  acetate  of 

*  The  entrance  of  air  into  the  condensing-tube  may  be  prevented  by  closing  the  end 
of  the  tube  with  a  cork,  through  which  is  inserted  a  glass  tube,  bent  in  the  form  of 
an  S. 
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lime,  cither  alone  or  with  hydrate  of  lime  (Kestner,  Schwarz). 
In  the  latter  process,  even  if  it  attains  the  desired  end,  a  consi- 
derable loss  is  incurred  from  decomposition  of  the  acetate  of  lime, 
inasmuch  as  that  substance,  from  its  infusibility,  does  not  admit  of 
any  exact  regulation  of  the  heat. 

The  use  of  hydrochloric  instead  of  sulphuric  acid,  in  the  decompo- 
sition of  the  acetate  of  lime,  has  this  great  advantage,  that  the  pre- 
sence of  resins,  colouring  matter,  &c.,  in  the  acetate  of  lime,  does  no 
harm,  provided  the  acetate  has  been  sufficiently  heated  to  drive  off 
these  free  volatile  substances.  When,  on  the  contrary,  sulphuric 
acid  is  used,  the  acetic  acid  produced  always  has  a  bad  odour,  is 
saturated  with  sulphurous  acid,  and  contaminated  by  various  products 
arising  from  the  decomposition  of  the  resins  at  an  elevated  tem- 
perature. Moreover,  the  sulphate  of  lime  forms  a  hard  crust  at  the 
bottom  of  the  still,  and  in  distilling  on  the  large  scale,  the  bottom  of 
the  still  must  be  heated  red-hot  to  drive  out  all  the  acetic  acid.  The 
last  portions  of  acid  that  pass  over  are  often  turbid  from  the  presence 
of  separated  sulphur;  and  the  odour  of  sulphuretted  hydrogen 
becomes  perceptible,  that  substance  arising  from  reduction  of  the 
sulphate  of  lime  to  sulphide  of  calcium  at  the  bottom  of  the  vessel: 
from  this  cause,  cast-iron  stills  soon  become  corroded. 

The  low  price  at  which  pui-e  acetic  acid  may  be  obtained  by  the 
method  above  described,  will  probably  lead  to  a  more  extended  use  of 
it  in  dyeing  and  calico  printing.  The  acid  thus  obtained  may,  like- 
wise be  advantageously  used  in  the  preparation  of  acetates,  especially 
of  acetate  of  lead. 

Pure  Acetic  Acid  from  Brandy-  Vinegar.  A  similar  process  may 
be  adopted  for  the  preparation  of  pure  acetic  acid  from  brandy- 
vinegar;  the  process,  however,  is  simpler,  inasmuch  as  brandy- 
vinegar  is  much  less  impure  than  wood-vinegar. 

Strong  brandy-vinegar  (the  best  for  this  purpose  is  that  which 
contains  from  12  to  15  parts  of  anhydrous  acetic  acid — a  proportion 
which  is  obtained  in  some  manufactories  by  a  process  at  present  not 
much  known)  is  saturated  with  hme  ;  and  the  turbid  and  coloured  solu- 
tion is  strained  through  a  linen  cloth,  and  evaporated  to  dryness  in  an 
iron  vessel.  The  dried  salt  is  perfectly  white,  the  colouring  matters 
previously  contained  in  the  solution  having  been  for  the  most  part 
destroyed  by  the  oxidizing  action  of  the  air. 

The  decomposition  of  the  acetate  of  lime  is  effected  by  hydro- 
chloric acid  in  the  manner  already  described,  excepting  that,  the 
acetate  of  lime  being  less  mixed  with  foreign  matter  than  that 
obtained  from  wood-vinegar,  a  larger  proportion  of  hydrochloric  acid 
is  required  for  its  decomposition,  viz.,  about  130  parts  of  acid  to  100 
parts  of  the  lime-salt. 

The  final  purification  of  the  acid  may  be  effected  by  either  of  the 
methods  above  described. 
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On  CEnantliic  Ether  and  (Enanttaic  Acia.*^ 
By  W.  Delffs. 

ffinanthic  ether  was  first  investigated  in  1836  by  Liebig  and 
Pelouze^t  who  assigned  to  it  the  formula 

C18  HIS  0^  =  0^  H5  0  .  C^^  HIS  03 

relying,  in  the  calculation  of  their  analyses,  chiefly  on  the  vapour- 
density  ;  this  they  found  to  be  10-508,  a  result  agreeing  very  closely 
with  calculation,  assuming  that  the  vapour  was  condensed  to  two 
volumes.  At  present,  however,  organic  compounds  in  general,  and 
the  ethers  more  especially,  are  regarded  as  condensed  to  4  volumes, 
so  that  oenanthic  ether,  considered  as  above,  presents  an  anomaly 
which  throws  some  doubt  on  the  correctness  of  the  calculation,  more 
especially  as  compounds  of  purely  organic  origin  rarely  have  so  high 
a  vapour-density  as  that  just  quoted.  INloreover,  the  formula 
(]u  jji3  02  can  scarcely  be  the  correct  expression  of  the  composition 
of  anhydrous  cenanthic  acid ;  first,  because  it  would  I'cquire  us  to 
suppose  that  in  the  lead  and  silver-salts,  3  atoms  of  acid  are  united  with 
2  atoms  of  base,  which  is  very  unusual  in  organic  acids  ;  and  secondly, 
because  the  occurrence  of  an  acid  with  only  2  atoms  of  oxygen  is  scarcely 
to  be  found  in  the  whole  range  of  organic  chemistry,  certainly  not 
among  \\xq  fatty  acids.  Lastly,  the  relation  between  the  composition 
and  boiling  points  of  organic  compounds  shows  that  the  composition 
of  cenanthic  ether  must  be  difi'erent  from  that  which  is  given  by 
Liebig  and  Pelouze.  These  considerations  induced  the  author  to 
submit  this  body  to  a  further  examination,  which  led  to  the  following 
results. 

1.  (Enanthic  Ether. — The  substance  employed  had  a  yellowish 
colour,  and  feebly  acid  reaction.  When  subjected  to  fractional  dis- 
tillation, it  began  to  boil  at  210*^  C.  The  temperature  then  rose 
steadily  to  246°,  where  it  began  to  be  stationary.  The  receiver  was 
then  changed,  and  the  distillation  continued  for  two  hours,  during 
which  time  the  thermometer  did  iiot  rise  above  250°.  The  liquid 
which  passed  over  during  this  interval,  amounting  to  nearly  the 
fourth  part  of  the  crude  ether,  was  used  in  the  following  experiments. 
It  was  perfectly  colourless,  but  still  slightly  acid;  it  was  therefore 
washed  with  solution  of  carbonate  of  soda,  dried  by  chloride  of 
calcium,  and  rectified. 

When  the  ether  thus  purified  was  used  for  the  determination  of  the 
boiling-point,  it  again  acquired  a  yellowish  tinge ;  and  when  boiled 
over  a  sjjirit-lamp,  either  with  or  without  platinum  wire,  exhibited  a 
very   peculiar  phenomenon,  bubbles    of  vapour  bursting   from    the 

*  Pogg.  Ann.LXXXIV,  505.  f  Ibid.  XLI,  571. 
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liquid  from  time  to  time^  with  a  noise  as  if  the  retort  were  cracking, 
and  giving  rise  each  time  to  a  visible  cloud  of  condensed  vapour. 
This  phenomenon  was  not  exhibited  when  the  ether  was  heated  on  a 
sand-bath.  It  differed  from  the  well-known  sudden  agitation  which 
many  liquids  present  in  boiling,  by  not  causing  any  perceptible 
interruption  to  the  quiet  progress  of  the  ebullition.  After  the  ether 
had  been  rectified  a  second  time,  when  a  yellowish  residue  again 
remained,  this  effect  was  but  very  slightly  exhibited,  though  the 
boiling-point  differed  from  the  former  by  scarcely  half  a  degree. 

The  ether  thus  purified  was  colourless,  had  a  pleasant  vinous  odour, 
and  a  taste,  slight  at  first,  but  afterwards  irritating  to  the  throat, 
Sp.  gr.  =  0-8725  at  15-5°  C.  Index  of  refraction  =  1-414  at 
)  3*5°  C.  Boiling-point  very  constant  at  224°,  under  a  pressure  of 
27"  8'"*1,  with  the  mercury  at  a  temperature  of  14°. 

The  analysis  of  the  ether  with  oxide  of  copper  gave,  carbon  70*5  and 
70*6  per  cent ;  hydrogen  11-8,  numbers  agreeing  very  closely  with  the 
formula  C"^  H^^  0^.  The  vapour-density  was  found  by  experiment 
to  be  7042 ;  calculation  from  the  formula,  C^^  H--  0\  gives  6-449. 
The  difference  is  somewhat  greater  than  is  desirable,  but  is  suffi- 
ciently accounted  for  by  the  impossibility  of  heating  the  vapour  to 
the  necessary  temperature  above  the  boiling-point  without  decom- 
posing it. 

(Enanthic  Acid. — (Enanthic  ether  is  rapidly  decomposed  by 
heating  it  with  caustic  potash ;  and  on  subsequently  adding  hydro- 
chloric acid  to  the  solution,  oenanthic  acid  separates  in  the  form  of 
a  slightly  yellowish  oil,  which  solidifies  on  cooling,  in  a  snow-white 
mass,  showing  scarcely  any  traces  of  crystallization.  It  is  readily 
dissolved  by  alcohol,  even  in  the  cold,  and  in  almost  every  proportion 
by  ether ;  from  the  alcoholic  solution  it  separates  by  spontaneous 
evaporation  as  a  crystalline  mass.  When  pure,  it  is  perfectly  destitute 
of  taste  and  smell,  and  melts  even  with  the  heat  of  the  hand.  The 
accurate  determination  of  the  melting-point  is  difficult,  as  the  acid 
passes  into  a  buttery  state  before  melting,  but  it  is  certainly  below 
25°  C.  The  acid  dissolves  easily  in  ammonia,  forming  a  solution 
which  dries  up,  even  on  spontaneous  evaporation,  to  a  greasy  soap, 
which  does  not  again  form  a  clear  solution  in  water.  The  solution 
of  the  ammoniacal  salt,  made  as  neutral  as  possible,  formed,  with 
nitrate  of  silver,  a  white  curdy  precipitate,  which  did  not  dissolve 
perceptibly  in  boiling  water.  This  salt,  when  thoroughly  washed 
and  dried,  gave,  on  analysis,  numbers  corresponding  with  the 
formula : 

AgO  .  C,3  H,,  O3  or  C,3  ^^  0, 

The  composition  of  the  hydrated  acid  must  therefore  be  Cjg  Hjg  O^, 
a  formula  with  which  the  analysis  made  by  Liebig  and  Pelouze  agrees 
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sufficiently  well,  when  their  results  are  calculated  according  to  the 
atomic  weight  of  carbon  at  present  adopted. 

From  this  it  appears  than  oenanthic  acid  is  identical  in  compo- 
sition with  pelargonic  acid  as  analyzed  by  Redtenbacher  and 
Pless.*  The  two  acids  appear  also  to  be  similar  in  properties,  so  far, 
at  least,  as  Redtenbacher  has  determined  those  of  pelargonic  acid. 
The  identity  in  composition  was  likewise  confirmed  by  the  analysis  of 
the  baryta-salt  of  cenaathic  acid.  Pelargonate  of  baryta  is  said  by 
Redtenbacher  to  resemble  the  crystals  of  cholesterin.  Such  a 
resemblance  was  not  observed  in  the  oenanthate ;  but  its  absence  is 
of  little  importance,  as  the  author  has,  on  other  occasions,  observed 
considerable  differences  in  the  appearance  of  crystals  of  butyrate  of 
bai^ta,  though  they  are  always,  as  Lerchf  states,  perfectly  an- 
hydrous. 

There  is  one  point  in  Liebig  and  Pelouze's  investigation  which 
must  for  the  present  be  left  undecided,  viz.,  the  change  which 
oenanthic  acid  undergoes  by  distillation.  This  the  author  was 
unable  to  investigate  properly,  for  want  of  material ;  but  the  portions 
which  passed  over  at  a  high  temperature  appeared  to  contain  an  acid 
having  a  higher  equivalent  (capric  acid  ?). 

In  a  note  appended  to  this  paper,  the  author  states  that  the  con- 
version of  organic  baryta-salts  into  carbonate  of  baryta  by  ignition 
in  a  flat  platinum  dish,  affords  a  very  convenient  mode  of  ascertain- 
ing the  atomic  weight  of  an  organic  acid. 


On  Sorbine,  a  new  saccharine  substance,  extracted  from  the 
berries  of  the  Mountain  Ash.t 

By  J.  P elou ze. 

The  berries  of  the  mountain  ash  contain,  amongst  other  substances, 
malic  acid,  malate  of  hme,  and  grape-sugar;  their  great  acidity 
forbids  the  supposition  that  they  contain  ordinary  cane-sugar ;  but 
Pelouze  has  succeeded  in  obtaining  from  them  a  sugar,  differing  in 
many  essential  pro|)erties  from  any  of  the  sugars  previously  known. 

The  berries,  gathei^ed  towards  the  end  of  September,  were  crushed 
and  squeezed  through  linen.  The  juice  thereby  obtained  was  left  to 
itself  in  earthen  vessels  for  thirteen  or  fourteen  months,  during 
which  time  it  yielded  deposits  and  vegetations  which  were  not 
examined.  The  liquid,  which  at  length  clarified  spontaneously,  was 
decanted,  and  then  evaporated  at  a  gentle  heat  to  the  consistence  of 
a    thick    syrup.      This  syrup    deposited   a   quantity    of  dark-browu 

*  Ann.  Ch.  Pharm.  LIX,  .'J2.  t  Ihid.  XLIX,  216. 

t  Ann  Ch.  Phys.  [3],  XXXV,  223;  J.  Pharm.  [3],  XXI,  .321. 
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crystals  which  were  completely  decolourized  by  treating  them  twice 
with  animal  charcoal.  By  successive  concentration  of  the  mother- 
liquid,  fresh  quantities  of  crystals  were  obtained  and  purified  in  a 
similar  manner. 

The  crystals  thus  contained  consist  of  a  new  substance,  to  which 
the  author  gives  the  name  of  Sorbine.  By  analysis  they  yielded 
in  100  parts :  carbon,  40'00 :  hydrogen,  6*66 ;  oxygen,  53-34, 
agreeing  with  the  empirical  formula  CHO.  The  numbers  have  been 
confirmed  by  MM.  Cahours  and  Cloez,  to  whom  a  specimen  was 
sent  for  analysis. 

To  determine  the  rational  formula,  a  solution  of  acetate  of  lead, 
slightly  ammoniacal,  was  added  to  a  solution  of  sorbine  in  excess ;  a 
white  precipitate  was  then  formed,  which,  when  washed  and  dried, 
yielded  by  analysis  numbers  which  agreed  nearly  with  the  formula 
4  PbO .  Ci2  Hg  Og.  Hence  it  would  appear  that  the  formula  of 
aqueous  sorbine  is  : 

Ci3  Hg  Og  .  3  HO  or  C^a  H^,  0,^. 

Sorbine  combines  with  common  salt,  forming  crystals  which,  when 
examined  by  the  microscope,  appear  to  be  cubic. 

Sorbine  is  colourless,  and  has  a  pure  sweet  taste,  which  cannot  be 
distinguished  from  that  of  cane-sugar.  The  crystals  are  perfectly 
transparent,  hard,  and  grate  between  the  teeth  like  sugar-candy. 
They  are  rectangular  octohedrons,  belonging  to  the  right  prismatic 
system.  Their  density  at  15°  is  1'654.  Water  dissolves  more  than 
twice  its  weight  of  them  ;  boiling  alcohol,  on  the  contrary,  dissolves 
but  a  very  small  quantity,  v/hich  it  deposits  again  on  cooling, 
in  octohedral  crystals,  similar  to  those  which  are  obtained  from  the 
aqueous  solution. 

A  concentrated  solution  of  sorbine  resembles  the  syrup  of  ordi- 
nary sugar.  Its  density,  determined  upon  a  liquid  which  was  not 
quite  pure,  was  1*372  at  15°.  Both  sorbine  itself,  and  the  syrup 
which  it  forms  with  water,  are  somewhat  denser  than  cane-sugar  and 
its  syrup. 

Sorbine  dissolved  in  water  and  mixed  with  yeast  showed  no  signs 
of  fei'meutation,  even  after  twenty-four  hours^  exposure  to  a  tem- 
perature of  20°  — 30°  C.  Dilute  sulphuric  acid  produces  no  change 
in  it,  and  does  not  render  it  fermentable. 

Strong  sulphuric  acid  attacks  sorbine  rapidly,  first  coloui-ing  it 
reddish-yellow,  and  then,  under  the  influence  of  a  gentle  heat, 
changing  it  into  a  black  carbonaceous  substance,  which  the  author 
has  not  yet  examined.  When  nitric  acid,  either  concentrated  or 
diluted  with  half  its  weight  of  water,  is  heated  with  sorbine,  abundance 
of  red  fumes  are  given  ofi^,  and  oxalic  acid  is  produced,  equal  in  weight 
to  more  than  half  the  sorbine  used ;  in  fact  the  action  is  perfectly 
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similar  to  that  which  takes  place  with  cane-sugar.     The  author  has 
not  yet  determined  whether  any  intermediate  product  is  formed. 

A  solution  of  sorbine  heated  with  alkalies  acquires  a  deep  yellow 
colour,  and  exhales  an  odour  of  caramel.  Water  containing  y-jy-oir  of 
sorbine  becomes  perceptibly  yellow  when  heated  with  potash.  Sor- 
bine dissolves  a  considerable  quantity  of  lime.  The  filtered  liquid 
turns  yellow  when  heated,  depositing  a  fiocculent  precipitate,  and 
giving  off  a  distinct  odour  of  caramel.  Baryta  acts  in  the  same 
manner  as  lime.  Oxide  of  lead  also  dissolves  in  a  hot  solution  of 
sorbine,  forming  a  yellow  liquid,  which  has  the  odour  of  burnt 
sugar. 

Sorbine  yields  no  turbidity  with  subacetate  of  lead,  but  on  the 
addition  of  ammonia,  a  white  precipitate  is  formed. 

Sorbine  dissolves  hydrated  protoxide  of  copper,  forming  a  deep 
blue  solution,  which  gradually  deposits  a  red  precipitate  of  the  sub- 
oxide. Tartrate  of  copper  and  potash  is  also  reduced  by  sorbine, 
either  hot  or  cold. 

Sorbine,  strongly  heated  on  platinum-foil,  or  thrown  upon  a  hot 
coal,  behaves  like  common  sugar,  fusing,  turning  yellow,  exhaling  a 
strong  odour  of  caramel,  and  leaving  a  bulky  charcoal.  But  when  it 
is  carefully  heated  for  some  time  to  a  temperature  between  150°  and 
180°  C,  it  gives  off  vapour  of  water  slightly  acid,  and  is  converted 
into  a  new  acid,  which  remains  in  the  form  of  a  deep-red  body. 

To  obtain  this  acid  pure,  the  residue  is  dissolved  in  potash  or 
ammonia,  the  solution  filtered,  and  supersaturated  with  dilute  hydro- 
chloric acid.  The  acid  is  then  precipitated  in  deep-red  flakes,  which 
are  washed  with  distilled  water,  and  then  dried  in  a  stove  at  a  tem- 
perature between  120°  and  150°.  The  author  distinguishes  this  new 
acid  by  the  name  of  Sorbic  Acid. 

Sorbic  acid  is  amorphous,  of  a  very  deep-red  colour,  insoluble  in 
water,  alcohol,  and  weak  acids,  but  very  soluble  in  potash,  soda,  and 
ammonia,  with  which  it  forms  solutions  having  a  very  rich  sepia 
colour.  A  mere  trace  of  sorbic  acid  is  sufficient  to  impart  a  sensible 
colour  to  an  alkaline  liquid. 

The  soluble  salts  of  lime,  baryta,  alumina,  iron,  tin,  gold,  and 
platinum,  form  with  soluble  sorbates,  bulky  precipitates,  exhibiting 
reddish-yellow  colours  of  various  degrees  of  intensity.  Sulphate  of 
copper  yields  a  yellowish-green  precipitate,  soluble  in  excess  of 
ammonia,  to  which  it  impai'ts  a  very  deep-green  colour. 

Sorbic  acid  is  found  by  analysis  to  contain :  carbon,  57*96 ; 
hydrogen,  5*51;  oxygen,  36-53;  and  the  sorbate  of  lead  consists  of 
51*35  oxide  of  lead  with  48*65  sorbic  acid.  Hence  if  the  for- 
mula of  sorbic  acid  be  C''"  11'^  0^^,  that  of  the  lead-salt  will  be 
3PbO  .  C^^  1118  0^^ 

Sorbine  acts  upon  polarized  light ;  when  dissolved  in  water  or  in 
acids,  it  turns  the  plane  of  polarization  to  the  left ;  in  this  respect 
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it  differs  from  other  crystallizable  sugars,  all  of  wliich  turn  the  plaue 
of  polarization  to  the  right. 


On  the  CoiisUtution  of   Citric  Acid.* 
By  L.    Pebal. 

The  author  commences  his  paper  with  a  sketch  of  the  principal 
views  which  have  been  entertained,  respecting  the  constitution  of  citric 
acid,  dwelling  chiefly  on  those  of  Berzelius  and  Liebig.  Berze- 
liusf  regarded  citric  acid  as  monobasic,  assigning  to  the  acid  con- 
tained in  the  neutral  citrates  the  composition,  C4  Hg  04-  This  view 
rested  chiefly  on  an  experiment,  from  which  it  appeared  that  the 
crystals  obtained  by  cooling  a  solution  of  citric  acid  saturated  at 
100°  C.  had  the  composition  HO  .  C^  Ho  0^,  and  did  not  give  ofl"  any 
water  when  heated  to  100°.  On  the  contrary,  the  crystals  obtained 
from  a  solution  saturated  at  ordinary  temperatures,  lost  at  100°  a 
quantity  of  water,  which,  if  their  composition  were  denoted  by  the 
formula,  HO  .  Cg  H3  Og  +  Aq.|  would  amount  to  one  equivalent; 
hence,  the  last-mentioned  crystals,  if  referred  to  the  atomic  weight  of 
citric  acid  first  given,  would  contain,  after  dehydration,  ^  eq.  of  water 
less  than  the  crystals  obtained  from  the  hot  solution,  likewise  dried 
at  100°. 

Liebig,§  on  the  contrary,  regards  the  acid  as  terbasic,  and  expresses 
the  several  compounds  just  mentioned  by  the  following  formulse  : 

3  HO  .  Cj2  Hj  Oj,+2  Aq  — acid  crystallized  from  a  solution  satu- 
rated at  ordinary  tempei'atures. 

3  HO  .  C]^2  ^5  ^11+     Aq  =  crystals  obtained  by  Berzelius  from  a 

hot  saturated  solution. 

3  HO  .  C12  H5  0^  =the  first  compound  dried  at  100°  C. 

The  second  formula  is  evidently  equivalent  in  numbers  to  that  of 
Berzelius,  HO  .  C^2  Ho  O4.  taken  three  times;  if,  however,  it  be  cor- 
rect, one- fourth  of  the  water,  that  namely  which  is  supposed  to  exist 
as  water  of  crystallization,  should  go  off  at  100°  C,  whereas,  accord- 
ing to  Berzelius,  it  does  not.  Marchand,|l  however,  found  that  the 
crystals  obtained  fi'om  a  hot  saturated  solution,  gave  results  agreeing 
with  the  formida  HO  .  C^  H2  0^,  only  when  analyzed  immediately 
after  removal  from  the  mother-liquor ;  but  that  w  hen  they  were  left 
for  a  while  in  vacuo  over  sulphuric  acid,  they  gave  off  2*2  per  cent  of 
water  without  losing  their  transparency,  and  their  composition  then 
agreed  exactly  with  that  of  ordinary  citric  acid,  dried  at  1 00°,  viz., 

*  Ann.  Ch.   Pharm.  LXXXII,  78. 

t  Pogg.  Ann.  XXVII,  281 ;  Ann.  Ch.  Pharm.  V,  129,  134,  137. 

X  Prout.  Pogg.  Ann.  XII,  271. 

§  Compt.  rend.  V,863;  Ann.  Ch.  Pharm.  XXVI,  113. 

II  J.  pr.  Chem.  XXIII,  60. 
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3  HO  .  C^2  Hg  O^j.  The  excess  of  water  which  the  crystals  contain 
on  being  first  separated  from  the  liquid  can,  therefore,  only  be 
regarded  as  adhering  moisture.  This  result  has  been  completely  con- 
firmed by  the  experiments  of  Pebal. 

Liebig^s  view  of  the  constitution  of  citric  acid  is  likewise  con- 
firmed by  the  formula  of  citric  ether  as  determined  by  Dumas,*  viz  : 
3  Ae  0  .  Ci2  Hg  Ojp  and  by  those  of  the  citrates  of  methyl,  determined 
by  Evre,t  "viz',  3  Me  0  .  C^^  H,  O^,  and  2MeO  .  HO.  Ci,  Hg  On. 

The  following  experiments  of  Pebal,  on  the  anilides  of  citric  acid, 
likewise  tend  to  establish  the  terbasic  formula. 

Crystallized  citric  acid  in  the  state  of  powder,  was  mixed  with  a  slight 
excess  of  aniline  containing  water  {i.e.,  in  the  state  in  which  it  sepa- 
rates as  an  oily  body  under  water)  and  heated  in  a  glass  flask  to 
140°  — 150°  C.  till  the  emission  of  vapour-bubbles  began  to  slacken. 
On  cooling,  it  solidified  to  a  brown-red  glass,  which  was  exhausted 
with  boiling  water ;  and  the  residue,  which,  meanwhile,  had  assumed 
the  form  of  a  pale  yellow  powder,  was  dried,  dissolved  in  strong 
alcohol,  and  decolourized  with  animal  charcoal. 

The  aqueous  extract,  after  evaporation,  deposited  a  small  quantity 
of  an  acid  crystalline  mass  consisting  of  citromonanilic  acid,  a  sub- 
stance to  be  hereafter  described.  The  alcoholic  solution  yielded 
crystals  of  three  different  substances,  two  of  which  had  the  form 
of  thin  prisms,  and  the  third  that  of  hexagonal  tables.  Of  the 
two  kinds  of  prismatic  crystals,  the  one  became  dull  and  opaque 
when  left  to  stand  over  sulphuric  acid  covered  by  a  bell -jar,  while  the 
others  remained  unaltered  under  the  same  circumstances.  The  largest 
portion  of  these  crystals  consisted  of: 

Citronanilide,  C^g  H„3  N3  Og. — This  substance  is  insoluble  or 
very  sparingly  soluble  in  water  ;  sparingly,  also,  in  boiling  alcohol, 
from  which  it  crystallizes  by  spontaneous  evaporation  in  flat,  colour- 
less, rectangularly  truncated  prisms,  attaining  the  length  of  about  3 
millitnetres.  They  are  sometimes  very  slender,  generally  arranged 
in  concentric  masses,  longitudinally  striated,  and  have  a  mother-of- 
j)earl  lustre.  Their  solution  has  no  action  on  vegetable  colours. 
Strong  solution  of  potash  or  anmionia  does  not  decompose  the  crys- 
tals, and  may,  therefore,  be  used  to  purify  them  from  the  six-sided 
tables,  which  are  dissolved  by  tiie  strong  alkali.  This  substance  may 
be  regarded  as  terbasic  citrate  of  aniline  minus  6  110. 

CiaH-N.HO'i 

C,2  nl  N  .  HO  ICj,  H.  On -6  HO^C^s  ^I-s  ^3  Og 

c,2H7N.noJ 

Citrohianil,  €30  H,(.,  No  Og.  —  The  six-sided  laminse  already 
spoken  of.     Probably  the  best   mode  of  preparing  this  compound  by 

*    Compt.  lencl.  VIII,  528.  *  Ibid.  XXI,  14  1 1. 
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itself,  would  be  to  mix  citric  acid  with  aniline  in  the  proportion 
required  to  form  a  bibasic  salt,  and  lieat  the  mixture  to  150°  C.  as 
long  as  any  pei'ceptible  evolution  of  hydrogen  took  place.  The 
coloured  crystals  may  be  purified  by  treating  their  alcoholic  solution 
with  animal  charcoal  and  recrystallizing.  The  solution  of  the  pure 
substance,  which  does  not  alter  the  colour  of  litmus-paper,  yields,  by 
spontaneous  evaporation,  six-sided  laminse  or  tables  of  the  diameter  of 
about  5  millimetres.  They  are  transparent,  and  dissolve  very  sparingly 
in  water,  but  easily  in  boiling  alcohol.  By  boiling  with  strong 
ammonia,  they  are  converted  into  citrobianilic  acid.  The  crystals, 
after  drying  in  the  air,  do  not  lose  weight  by  being  kept  over  sul- 
phuric acid. 

Citrobianil  may  be  supposed  to  be  formed  from  bibasic  citrate  of 
aniline  by  separation  of  6  HO  : 

C12H7N.HO] 

Cp  H7  N  .  HO  ^Cp  H5O11-6  HO  =  C36  H16  N„  Oo. 
HOJ 

The  four-sided,  obliquely-truncated  needles,  which  were  obtained 
simultaneously  with  the  citronanilide  and  citrobianil,  and  distin- 
guished by  the  property  of  efflorescing  when  placed  over  sul- 
phuric acid,  lost  at  100°  about  1*08  per  cent  of  their  weight 
after  drying  in  the  air.  They  were  found  to  contain  66-71  per  cent 
carbon  and  5*0  per  cent,  hydrogen,  numbers  which  agree  exactly 
with  the  composition  of  citrobianil ;  but  the  quantity  obtained  was 
not  sufficient  to  enable  the  author  to  speak  positively  as  to  their 
identity. 

Citrobianilic  Acid,  Cgg  Hjg  N2  O^g  or  HO  .  Cgg  Hj^  Ng  O9. — When 
citrobianil  is  boiled  with  strong  ammonia,  it  gradually  dissolves,  and 
is  converted  into  the  ammonia-salt  of  citrobianilic  acid.  The  solution 
mixed  with  hydrochloric  acid,  deposits  the  acid  in  the  form  of  a  curdy 
precipitate,  which  is  soluble  in  alcohol;  and  the  alcoholic  solution, 
which  reddens  litmus,  yields  the  acid  in  soft  silky  needles  radiating 
from  several  centres  ;  they  dissolve  readily  in  alcohol,  but  sparingly 
in  water.  The  acid  melts  at  about  1 53°,  giving  off"  water  and  being 
converted  into  citrobianil.  It  may  indeed  be  regai-ded  as  formed 
from  citrobianil  by  taking  up  2  eq.  water : 

^36  H16  N,  03  +  2HO  =  C36  H,3  N2  0,0, 
and  its  composition  is  that  of  bibasic  citrate  of  aniline,  minus  4  HO. 

C,,  H7NHO1 

C12  H7  N  HO  \C,.  H-  O11-4  HO^Cge  Hjg  No  O,.. 
HOj      " 

Citrohianilaie  of  Silver,  AgO  .  C36  H^^  Ng  O9,  was  obtained  by 
mixing  a  neutral  solution  of  the  acid  in  ammonia  with  nitrate  of  silver ; 
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it  formed  a  white  precipitate.  The  Baryta-salt,  Ba  O,  Cgg  Hj^  Ng  Og, 
was  obtained,  in  a  similar  manner,  by  double  decomposition,  in 
the  form  of  a  white,  amorphous  precipitate.  The  Aniline-salt, 
Ci2  Hy  N  .  HO  .  Cgg  H7  No  O9,  was  obtained  by  digesting  the  acid 
at  a  moderate  heat  with  aqueous  aniline.  On  evaporating  the  solu- 
tion, the  salt  was  deposited  in  colourless,  transparent  lamiuee,  which 
suffered  very  little  diminution  in  weight  by  drying  over  sulphuric  acid. 
The  composition  of  these  salts  show  that  the  acid  is  monobasic. 

Monobasic  Citrate  of  Aniline. — An  alcoholic  solution  of  citric  acid 
was  mixed  with  the  proper  quantity  of  aniline  containing  a  little 
water,  and  the  mixture  left  in  vacuo  over  sulphuric  acid  till  it  dried 
up  to  a  viscid,  brown-red  mass.  After  some  time,  crystals  began  to 
form  in  it,  and  ultimately  filled  the  whole  mass.  The  whole  was  then 
triturated  with  a  small  quantity  of  alcohol,  the  liquid  pressed  through 
linen,  the  solid  residue  dissolved  in  strong  alcohol,  and  the  solution 
left  to  evaporate  over  sulphuric  acid.  The  salt  was  then  obtained  in 
fine  needles  united  into  geodes.  They  fuse  at  100°,  dissolve  readily 
in  alcohol,  and  still  more  readily  in  water.  Sometimes,  after  the 
mother-liquor  has  been  poured  off,  the  fine  needles  form  a  kind  of 
frothy  mass.  The  composition  of  this  salt  may  be  expressed  by  the 
formula : 

CjaH^N.HOn 

HOVCj^H.On 
HO  J 

The  two  other  aniline-salts  show  no  tendency  to  crystallize. 

Monobasic  Citromonanilic  Acid,  C^^  Hn  NOjo- — When  the  salt 
just  described  is  fused  at  a  temperature  of  140° — 150°,  water  escapes, 
and  the  residual  mass  solidifies,  partly  while  hot  and  partly  on  cooling, 
to  a  crystalline  body,  which  dissolves  very  easily  in  water,  provided  an 
excess  of  aniline  has  been  avoided,  and  separates  by  spontaneous 
evaporation,  partly  in  crystalline  globules,  but  more  abundantly  in 
the  form  of  warty  crusts  consisting  of  small  prisms.  They  may  be 
rendered  colourless  by  treatment  with  animal  charcoal  and  recrystal- 
lization.  They  are  likewise  easily  dissolved  by  alcohol ;  their  solutions 
redden  litmus-paper.  The  acid  may  be  regarded  as  monobasic  citrate 
of  aniline  minus  4  HO  : 

C12H7N.  HO^ 

HO  lCi2  II,  0,,-4  HO  =  C,,  H,i  NO.o. 
HOJ 

Silver-salt,  AgO  .  €04  Hio  NO,,. — An  alcoholic  solution  of  the  acid 
neutralized  with  ammonia,  gave  a  white  precipitate  with  nitrate  of 
silver.  The  liquid  separated  from  this  precipitate  yielded,  after  a 
while,  crystalline  globules,  which,  whcH  freed  from  a  small  quantity 
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of  pulverulent  matter  adhering  to  them,  were  found  to  have  the  com- 
position above  given. 

Aniline-salt,  C^^  ^i  N  .  HO  .  Cr,^  Hio  NOg.— Formed  by  satu- 
rating the  aqueous  solution  of  the  acid  with  aniline.  Spherical 
geodes,  easily  soluble  in  alcohol. 

Silver-salt  of  Bibasic  CitromonaniUc  Acid. — The  white  precipitate 
obtained  in  the  preparation  of  the  silver-salt  of  the  monobasic  acid. 
Its  composition  is  expressed  by  the  formula  : 

2  Ag  0  .  C^,  Hn  NOio- 

It  was  found  impossible  to  obtain  the  hydi-ate  of  this  acid,  on  account 
of  its  strong  tendency  to  decompose.     Its  formula  would  be 

2  HO  .  C24  llu  NO10-C2,  Hi3  NO12. 


On  the  occurreuce  of  Trinietliylainine  in  Herrin^>1irine.^ 
By  Dr.  Ho  fin  aim. 

In  the  course  of  some  observations  on  the  ammonias  of  the  methyl- 
series,t  Di'-  Hofmann  has  suggested  that  the  base  described  by 
Wertheim  under  the  name  of  (Enylamine,  or  Propylamine,  may  be 
identical  with  trimethylamine  : 

(H^H^CgHy)  N  =  C6H9N:=3(CoH3).N. 

The  interesting  observation  likewise  made  by  Wertheim,  that  the 
so-called  propylamine  exists  in  considerable  quantity  in  herring-brine, 
has  afforded  an  opportunity  of  putting  this  question  to  the  test  of 
experiment.  At  Dr.  Hofraann's  suggestion,  the  subject  has  been 
examined  by  Mr.  Henry  Winkles,  from  whose  experiments  it 
appears  that  the  principal  constituent  of  a  mixture  of  bases  contained 
in  herring-brine  is  actually  Trimethylamine.  The  base  was  identified 
both  by  comparison  with  trimethylamine  synthetically  prepared,  and 
by  its  behaviour  with  iodide  of  methyl.  With  the  latter  it  instantly 
solidified  into  a  crystalline  mass  of  iodide  of  tetramethyiammonium. 

From  these  experiments  it  seems  doubtful  w^hether  the  true 
Propylamine  has  yet  been  obtained.  It  would  also  be  as  well  to 
examine  by  experiment  whether  Petinine  is  really  entitled  to  the 
name  of  Bulylamine.  This  question  might  be  easily  decided  by  the 
behaviour  of  petinine  with  iodide  of  methyl  or  iodide  of  ethyl. 

*  Ann.  Ch.  Fharm.  LXXXIII,  116.  f  Ibid.  LXXIX,  29. 
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XXIII. — On  the  Action  of  Iodine  upon  Phosphorus. 
By  B.  C.  Brodie,  F.R.S., 

SECRETARY    OF    THE    CHEMICAL    SOCIETY. 

The  law  of  the  formation  of  certain  elemental  bodies,  which  I  have 
given  in  a  former  paper*  suggests  the  probable  cause  of  their  allo- 
tropic  differences.  For  if  it  be  proved  that  the  formation  of  the 
element  is  a  chemical  synthesis  of  the  same  nature  as  the  formation 
of  a  compound  substance,  we  are  enabled  to  transfer  to  the  element 
those  ideas  of  form,  by  which  we  most  reasonably  explain  isomeric 
differences,  and  to  comprehend  that,  in  their  case  also,  two  or  more 
substances  may  exist,  identical  in  their  ultimate  chemical  constitution, 
yet  differing  in  the  arrangement  of  their  particles. 

Considering  how  this  view  might  be  brought  to  the  test  of  experi- 
ment, it  occurred  to  me  that  there  was  a  certain  mode  of  effecting  the 
isomeric  transformation  of  compound  substances  of  which  as  yet  there 
was  no  example  in  the  case  of  the  elemental  bodies,  and  which  appears 
to  me  essentially  to  depend  upon  the  peculiar  chemical  nature  of  the 
change  produced.  I  speak  of  that  continuous  chemical  action  by 
which  sulphuric  acid  converts  aldehyde  into  a  body  isomeric  with  it, 
but  of  triple  its  atomic  weight,  and  by  which  the  same  acid  transforms 
oil  of  turpentine  into  the  remarkable  series  of  isomeric  hydrocarbons 
investigated  by  Deville. 

*  Chcm.  Soc  Qu.  J.  IV,  194. 
VOL.    V. NO.    XX.  U 
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A  fact  which  had  been  observed  in  the  action  of  iodine  upon 
phosphorus  seemed  to  indicate  what  I  sought.  In  various  experiments 
in  wliich  these  substances  had  been  brought  together,  a  certain  red 
body  had  been  observed,  resembling  the  allotropic  phosphorus,  the 
origin  and  true  nature  of  which  was  unexplained.  Thus,  for  example, 
Berzelius*  remarks  that  if  less  be  taken  than  six  parts  of  iodine  to  one 
of  phosphorus,  the  phosphorus  separated  is  in  the  state  either  of 
oxide  or  of  the  modification  produced  by  sunlight.  Recently,  Mr. 
Corenwinder,t  in  his  investigation  on  the  iodides  of  phosphorus, 
observed  that  when  iodine  and  phosphorus  were  dissolved  in  bisulphide 
of  carbon,  if  more  than  a  certain  proportion  of  phosphorus  was 
employed,  a  matter  of  the  same  appearance  was  produced  on 
evaporating  the  solution. 

The  action  of  iodine  upon  phosphorus  is,  as  is  well  known,  very 
violent ;  therefore  the  better  to  investigate  the  nature  of  the  experiment 
I  dissolved  the  iodine  and  phosphorus  in  bisulphide  of  carbon,  evapo- 
rated the  solution  to  dryness  in  the  method  above  mentioned,  and 
carefully  washed  out  the  residue  thus  obtained  with  bisulphide.  This 
residue  has  much  the  appearance  of  the  allotropic  modification  ;  but 
on  examining  its  nature  more  closely,  I  discovered  that  a  large  propor- 
tion of  iodine  was  retained  by  the  phosphorus  in  a  form  insoluble  in 
bisulphide  of  carbon.  It  was  evident  that  some  peculiar  iodide  of 
phosphorus  was  formed.  My  efforts,  however,  to  separate  any  sub- 
stance in  a  pure  state,  or  indeed  to  obtain  in  this  manner  any  constant 
results  whatever,  failed. 

It  occurred  to  me  that  were  I  able  to  cause  the  formation  of  this 
iodide  to  take  place  in  the  fluid  itself,  it  might  separate  free  from  the 
other  matter  which  accompanied  it,  and  in  a  condition  in  which  it 
could  be  readily  washed  and  purified.  At  the  usual  boiling-point  of 
the  bisulphide,  the  substance  is  not  formed,  but  it  was  probable  that 
at  a  higher  temperature  it  might  be  produced.  To  make  this  experiment 
I  placed  the  solution  of  iodine  and  phosphorus  in  bisulphide  in  tubes 
hermetically  sealed,  which  I  heated  in  a  w^ater-bath  to  100°  C.  After 
a  short  time,  a  copious  red  deposit  appeared  on  the  sides  of  the 
tube.  I  used  at  first  what  appeared  to  me  a  great  excess  of  phosphorus, 
10  or  12  equivalents  to  1  of  iodine.  The  whole  of  the  iodine  was 
retained  in  the  red  substance.  The  filtered  fluid  contained  unaltered 
phosphorus.  The  substance  w^as  dried  in  a  current  of  hydrogen,  and 
the  phosphorus  determined    as   pyrophosphate    of    magnesia.     The 

*  Traitc  de  Chimie,  I,  247. 

t  Ann.  Ch.  Phys.  [3]  XXX,  212. 
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results  which  I  obtained  were  very  constant,  different  tubes  gave  very 
nearly  the  same  amount  of  phosphorus,  and  I  was  inclined  to  believe 
that  I  had  obtained  the  iodide  in  question,  pure.  But  closer  exami- 
nation proved  that  when  the  circumstances  were  sufficiently  modified, 
very  great  variation  took  place  in  the  results,  and  I  arrived  at  length 
at  the  fact,  that  the  amount  of  red  phosphorus  in  the  precipitate, 
increased  directly  with  the  proportion  of  phosphorus  employed  in  the 
experiment.  Thus,  for  example,  from  a  solution  containing  12  equi- 
valents of  phosphorus  to  1  of  iodine,  a  substance  was  formed  containing 
68  per  cent  of  phosphorus.  When  the  proportions  were  as  10  equi- 
valents of  phosphorus  to  1  of  iodine,  the  substance  contained  66  per 
cent.  When  as  4  equivalents  to  1,  60  per  cent.  When  as  2|  to  1, 
58  per  cent.  W'hen  as  1  to  1,  54-5  per  cent  of  phosphorus.  These 
proportions  vary  from  about  1  equivalent  of  iodine  to  8  of  phosphorus, 
to  1  equivalent  of  iodine  to  5  of  phosphorus.  The  experiments  are 
not  perfectly  comparable  with  each  other,  for  there  is  another  cause 
of  variation,  namely,  time,  which  should  be  strictly  taken  into  account. 
This,  however,  under  the  circumstances  under  which  the  experiments 
were  made,  has,  I  have  ascertained,  but  a  very  small  effect  compared 
with  the  influence  of  mass.  The  inference  which  I  draw  from  these 
experiments  is,  not  that  this  substance  is  a  new  sort  of  chemical 
combination  in  varying  proportions,  but  that  some  definite  iodide  of 
phosphorus  is  present,  accompanied  by  proportions  of  the  allotropic 
phosphorus,  which  vary  according  to  the  circumstances  I  have  men- 
tioned, and  from  which  by  the  similarity  of  its  properties  it  cannot 
be  separated.  I  was  very  desirous  of  isolating  this  iodide,  but  my 
attempts  to  effect  this  have  hitherto  failed. 

Cold  water  does  not  act  on  this  substance ;  by  boiling  water  it  is 
slowly  decomposed.  In  caustic  potash  solution,  phosphide  of  hydrogen 
is  evolved,  and  the  whole  substance  ultimately  destroyed ;  but  boiled 
with  a  solution  of  carbonate  of  soda,  the  iodide  is  decomposed  with 
but  little  action  on  the  phosphorus.  By  far  the  greater  part  of  the 
iodine  can  readily  be  thus  removed,  but  slight  traces  so  adhere  to 
the  phosphorus,  that  I  have  never  succeeded  in  absolutely  separating 
it.  A  preparation  thus  made  gave  94*9  per  cent  of  phosphorus 
determined  as  pyrophosphate  of  magnesia. 

Heated  in  a  small  tube,  the  substance  appeared  to  distil  unaltered. 
Like  arsenic,  it  sublimed  without  melting,  and  presented  the  very 
peculiar  appearance  of  that  metal  on  sublimation,  which  is  not  easy 
to  describe,  separating  from  the  sides  of  the  tube  in  thin  leaves. 
The  sublimate  was  black,  and  of  a  semi-metallic  lustre.  iMaking  the 
experiment  on  a  larger  scale,  1  found,   however,  that  it  was  by  no 

u  2 
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means  unaltered ;  for  the  distilled  substance  washed  with  cold  water 
gave  a  large  quantity  of  hydriodic  acid. 

To  examine  the  final  result  of  this  decomposition,  several  grammes 
of  a  substance  which  had  been  analysed  were  distilled  from  one  end 
of  a  combustion  tube  to  the  other,  the  centre  of  the  tube  being 
filled  with  small  pieces  of  pumice,  heated  red-hot  with  charcoal. 
A  very  high  temperature  is  required  for  the  distillation.  The  dis- 
tilled substance,  when  cold,  was  broken  from  the  sides  of  the  tube, 
and  at  once  extracted  with  bisulphide  of  carbon.  The  bisulphide 
dissolved  a  large  quantity  of  the  ordinary  iodide  of  phosphorus, 
probably  IgP,  which,  on  evaporation,  crystallized  from  the  solution, 
and  also  a  portion  of  ordinary  phosphorus.  The  substance  was  now 
analysed.  I  did  not  bring  it  in  contact  with  water,  lest  oxygen 
should  enter  into  the  substance  at  the  moment  of  the  decomposition 
of  the  iodide.  Before  the  distillation,  the  body  contained  67*3  per 
cent  of  phosphorus  3  it  now  contained  89*5  per  cent.  The  experi- 
ment was  repeated  with  the  same  substance.  After  this  second  dis- 
tillation, it  contained  95*5  per  cent  of  phosphorus.  It  was  plain 
that  the  effect  of  the  distillation  was  to  decompose  the  body  with 
formation  of  ordinary  iodide  of  phosphorus  and  the  allotropic  phos- 
phorus itself. 

These  facts  gave  the  key  to  the  true  nature  of  this  change.  It 
became  evident  to  me  that  it  belonged  to  that  class  of  infinite 
chemical  actions  to  which  I  have  before  alluded.  This  is  further 
proved  by  the  following  experiments. 

A  tube  about  half  an  inch  wide,  containing  16"9  grains  of  ordinary 
phosphorus,  was  filled  with  carbonic  acid,  and  closed  by  a  cork,  and 
then  placed  in  warm  water  at  a  temperature  of  about  40°  C,  so  as 
just  to  melt  the  phosphorus.  It  was  removed  from  the  water,  and 
0-64  grains  of  iodine,  being  1  equivalent  of  iodine  to  100  equivalents 
of  phosphorus,  gradually  projected  into  it.  The  iodine  dissolved  in 
the  phosphorus,  colouring  it  slightly  red.  The  tube,  closed  by  a  cork, 
was  heated  gradually  in  an  oil-bath,  and  examined  as  the  temperature 
rose.  At  100°,  the  colour  became  deep  red;  at  120°  to  130°,  a  scarlet 
powder  was  deposited  on  the  sides  of  the  tube.  Before  140°,  the 
mass  was  quite  solid.  At  about  200°,  a  sharp  explosion  took  place 
with  a  loud  report,  driving  the  cork  from  the  tube.  The  vapour 
inflamed  at  the  mouth  of  the  tube,  but  no  portion  of  the  substance 
was  driven  ofi".  An  intense  heat  had  evidently  been  evolved.  The 
substance  was  broken  in  various  places,  and  traces  of  ordinary 
phosphorus  distilled  on  the  sides  of  the  tiibe.  Nearly  the  whole  of 
the  phosphorus  used  had  passed  into  the  allotropic  modification. 
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To  determine  the  quantity  of  phosphorus  which  could  thus  be 
converted  by  a  given  quantity  of  iodine,  I  made  the  following 
experiments  in  the  manner  just  described,  and  after  the  action, 
broke  out  the  substance  from  the  tube,  washed  it  carefully  with 
bisulphide  of  carbon,  dried  it  in  a  current  of  hydrogen,  and  weighed 
it.  The  whole  of  the  iodine  was  always  retained  in  the  insoluble 
form.  The  amount  of  iodine  used  was  deducted  from  the  substance 
obtained,  and  the  difference  considered  as  the  phosphorus  converted. 
This  method  is  of  course  rough,  but  it  gives  results  sufficiently 
accurate  to  show  the  general  law  of  the  action.  About  10  or  12 
grains  of  phosphorus  were  usually  employed  in  each  experiment. 
In  two  experiments,  strictly  comparable,  heated  for  the  same  time 
at  the  same  temperature,  in  which  1  equivalent  of  iodine  acted  on 
100  equivalents  of  phosphorus,  1  part  by  weight  of  iodine  con- 
verted 1985  and  19'45  parts  of  phosphorus,  or  1  equivalent  of 
iodine  converted  78  equivalents  of  phosphorus.  In  four  other 
experiments  comparable  with  each  other,  in  two  of  which  1  equiva- 
lent of  iodine  and  ]  00  equivalents  of  phosphorus,  and  in  the  other 
two,  1  equivalent  of  iodine  and  200  equivalents  of  phosphorus  were 
employed.  The  results  were  as  follows  :  in  the  two  former,  1  part 
of  iodine  converted  21 '6  and  24*0  of  phosphorus,  or  1  equivalent  of 
iodine  converted  about  94  equivalents  of  phosphorus ;  in  the  two 
latter,  1  part  of  iodine  converted  29-32  and  27'91  parts  of  phosphorus, 
or  1  equivalent  converted  about  115  equivalents  of  phosphorus.  In 
two  other  experiments  made  with  500  equivalents  and  1000  equiva- 
lents of  phosphorus,  in  the  latter  of  which  only  about  0*008  grms.  of 
iodine  acted  on  20  grms.  of  phosphorus,  one  part  of  iodine  converted 
G4-8  and  99'62  parts  of  phosphorus,  being  as  1  to  257  and  395 
(equivalents.  The  greater  part  of  the  change  is  evidently  effected  at 
the  moment  when  the  principal  evolution  of  heat  takes  place.  But, 
as  in  the  experiments  with  bisulphide,  the  quantity  converted  varies 
with  the  time,  and  there  is  every  reason  to  believe,  that  taking  this 
into  consideration,  the  effect  produced  by  the  iodine  is  absolutely 
unlimited. 

The  change  thus  produced  may  be  exhibited  in  various  ways. 
When  phosphorus  is  melted  at  the  bottom  of  a  flask  filled  with 
carbonic  acid  by  a  stream  constantly  passing  through  it,  and  iodine 
projected  in  very  small  quantities  on  the  phosphorus  by  means  of  a 
long  tube  inserted  in  the  cork  and  reaching  nearly  to  the  bottom  of 
the  flask,  with  both  extremities  open,  a  violent  action  takes  place, 
attended  with  the  production  of  intense  heat.  After  the  experiment, 
the  substance  appears  as  a  very  hard  semi-metallic  black  mass,  giving 


394  MR.    B.    C.    IJRODIE    ON 

a  red  powder.  In  this  way,  at  least  30  grms.  of  phosphorus  may 
be  operated  upon  with  safety. 

The  same  experiment  may  be  made  under  certain  liquids  which  do 
not  act  upon  the  iodide.  Water  cannot  be  used,  but  the  experi- 
ment succeeds  with  very  concentrated  hydrochloric  acid.  A  small 
quantity  of  phosphorus  was  just  melted  in  a  test-tube  under  the  acid, 
and  a  weighed  quantity  of  iodine  projected  into  it.  The  iodine  dis- 
solved in  the  phosphorus  colouring  it  deep  red  ;  but  after  the  addition 
of  a  certain  quantity  of  iodine  the  substance  appeared  to  explode, 
and  the  whole  mass  was  converted  into  the  hard  black  substance 
before  described.  The  quantity  of  iodine  projected  into  the  phos- 
phorus before  the  change,  was  about  1  equivalent  of  iodine  to  1  of 
phosphorus.  The  experiment  is  best  made  by  first  carefully  adding 
the  iodine  to  the  phosphorus,  and  then  heating  over  a  lamp  until  the 
explosion  takes  place. 

The  peculiar  phenomena  which  the  distillation  of  the  red  phos- 
phorus containing  the  iodide,  as  prepared  from  bisulphide  of  carbon, 
presented,  induced  me  to  make  the  following  experiments.  About 
42  grms.  of  phosphorus  were  carefully  melted  at  the  end  of  a  long 
combustion-tube,  and  1'6  grms.  of  iodine,  being  in  the  proportion  of 
1  equivalent  of  iodine  to  100  of  phosphorus,  gradually,  as  before, 
projected  into  it.  The  phosphorus  was  converted  by  heating,  first  to 
100°  C,  at  which  temperature  it  solidified,  and  afterwards  in  a  trough 
of  sand  heated  to  about  200°.  The  change  on  removal  to  the  sand  was 
most  remarkable.  The  conversion  of  the  phosphorus  could  distinctly 
be  followed  from  one  end  of  the  tube  to  the  other.  There  was 
evidently  a  great  evolution  of  heat,  and  the  phosphorus  broke  up 
into  a  series  of  solid  I'ings.  The  tube,  when  cold,  was  removed  to 
a  combustion-trough ;  the  space  immediately  before  the  phosphorus 
heated  very  hot  with  charcoal ;  and  the  phosphorus  distilled  to  the 
other  end  of  the  tube  through  the  heated  part.  After  the  experiment, 
the  phosphorus  was  found  condensed  on  the  sides  of  the  tube,  and 
nearly  filling  it,  as  a  very  hard  black  mass.  Great  care  is  required 
so  to  conduct  the  distillation  as  not  to  stop  up  the  tube.  The 
distilled  substance  contained  traces  of  the  ordinary  phosphorus,  but 
nearly  the  whole  was  in  the  allotropic  form.  The  allotropic  phos- 
phorus passes  by  distillation  into  the  usual  modification,  and  a 
curious  point  suggests  itself,  whether  in  this  experiment  in  the 
presence  of  the  iodine,  the  allotropic  phosphorus  distils  unaltered, 
or  whether  it  is  altered  by  distillation  and  reconverted  by  the 
iodide  of  phosjjhorus  which  distils  with  it.  I  cannot  give  a  satis- 
factory ansM'(;r  to  this  question  ;  but  the  very  peculiar  way  in  which, 
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as  I  have  before  mentioned^  like  arsenic,  the  phosphorus  sublimes, 
inclines  me  to  the  former  view. 

The  allotropic  phosphorus,  as  prepared  by  iodine,  presents  certain 
differences  with  the  phosphorus  converted  by  heat,  which  led  me  at 
first  to  doubt  whether  they  were  the  same  substance.  It  was  much 
more  readily  acted  upon  by  potash,  and  precipitated  certain  metallic 
solutions — for  example,  sulphate  of  copper — in  a  way  which  the  other 
phosphorus  did  not.  It  slightly  lost  weight  also  on  drying  in  a 
current  of  hydrogen  at  100°,  which  is  not  the  case  with  the  other 
phosphorus.  My  opinion  now  is,  that  these  differences  arise  from 
the  presence  in  the  phosphorus  of  a  small  quantity  of  iodine  and 
possibly  also  of  oxygen  (if  it  has  been  boiled  with  water),  which 
adhere  pertinaciously  to  the  substance.  We  know  that  in  many 
cases  the  presence  of  small  quantities  of  foreign  matter  alters  mate- 
rially chemical  reactions.  The  experiments,  however,  which  I  made, 
with  the  view  of  ascertaining  this  point,  have  some  value.  I  oxidized 
the  phosphorus  by  boiling  with  aqua-regia,  in  the  presence  of  a 
small  quantity  of  nitre,  and  repeatedly  evaporated  to  dryness,  to 
ensure  the  conversion  of  the  whole  substance  into  phosphoric  acid, 
which  I  determined  as  pyrophosphate  of  magnesia.  In  the  two 
following  experiments,  a  preparation  of  phosphorus,  made  by  distil- 
lation of  the  iodide,  was  further  purified  by  boiling  for  three  days 
in  a  retort  with  water,  and  afterwards  drying  iti  vacuo.  The 
substance  on  the  filter  washed  with  boiling  water,  gave  no  trace  of 
iodine.  This  substance  thus  determined,  gave  a  quantity  of  pyro- 
phosphate, corresponding  in  two  experiments  to  101  "8  and  lOO'G  of 
phosphorus  in  100  parts  of  the  original  substance.  Two  experi- 
ments with  another  preparation  gave  100*06  and  99*390  per  cent, 
assuming,  that  is,  the  equivalent  of  phosphorus  as  32,  and  that  of 
magnesia  as  12*2.  Three  comparative  experiments,  made  with  the 
allotropic  phosphorus  converted  by  heat,  gave  105*36 — 105*84  and 
105*51  of  phosphorus  in  100  parts  of  the  original  substance  on  the 
same  assumption,  giving  a  mean  of  105*57  per  cent.  An  ex])eri- 
mcnt  with  the  ordinary  phosphorus,  with  which,  for  obvious  reasons, 
the  result  may  not  be  quite  so  accurate,  gave  104*57  per  cent  of 
phosphorus  in  100  parts.  The  determination  with  pyrophosphate  of 
magnesia,  made  with  care,  gives  most  concordant  results;  and  I  have 
no  doubt  but  that  the  apparent  anomaly  of  the  experiments  arises 
from  the  assumption  of  a  wrong  atomic  weight  of  phosphorus.  The 
recent   experiments   of  Schrottcr*  have  given  31  for  its  equivalent 

*   Ann.  t:h.  IMiann.  L\XX,  202. 
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number.  The  mean  of  the  three  experiments  with  the  allotropic 
phosphorus  above  given,  requii'es  30"31.  The  subject  requires 
further  investigation.* 

I  compared  also  the  specific  gravity  of  the  two  preparations.  It 
was  taken  in  bisulphide  of  carbon,  of  which  the  specific  gravity  was 
taken  immediately  after  the  experiments.  Two  experiments  with  the 
phosphorus  prepared  by  iodine  gave  a  specific  gravity  of  2*22  and 
2'24,  mean  2*23.  Three  experiments  with  the  phosphorus  prepared 
by  heat  gave  2*14,  2'13,  2'14  specific  gravity,  mean  2*14.  The 
density  of  this  substance,  determined  by  Schrotterf  at  10°,  isl'964. 
My  determinations,  however,  are  likely  to  be  more  accurate,  as 
Schrotter  took  the  density  in  water,  with  which  the  phosphorus 
cannot  be  wetted.     Assuming  this  density  and  the  above  equivalent 

qiro 

number  30'3,  the  atomic  volume  of  phosphorus  =^^7^1^  becomes  176, 

being  nearly  the  same  as  that  of  arsenic,  which  is  167. 

In  the  preceding  experiments,  I  have  not  only  shown  the  result  of 
this  action  of  iodine  upon  phosphorus,  but  have  analysed  the  process 
by  which  this  result  is  produced.  I  consider  that  it  may  be 
accounted  for  by  the  known  laws  of  chemical  action.  The  first  step 
in  the  series  of  changes  is  the  combination  of  iodine  and  phosphorus, 
in  which  most  probably  the  substance  described  by  Corenwdnder, 
I2P,  is  produced.  The  next  is  the  conversion  of  this  substance  into 
the  allotropic  iodide ;  and  the  third,  the  decomposition  of  this  iodide, 
with  the  formation  from  it  of  the  allotropic  phosphorus  and  a 
volatile  iodide,  which  decomposition  takes  place  more  or  less  rapidly, 
according  to  the  temperature.  This  volatile  iodide  reacts  in  a 
similar  manner  upon  a  further  portion  of  phosphorus,  and  thus  the 
action  is  infinitely  continued.  By  modification  of  the  process,  it  may 
be  arrested  at  any  one  of  these  stages. 

The  time  at  which  the  phosphorus  truly  undergoes  the  molecular 
change,  appears  to  me  to  be  the  moment  of  its  second  combination 
with  the  iodine.  I  consider  it  as  contained  in  its  altered  con- 
dition in  the  substance  then  produced,  and  I  regard  the  allotropic 
phosphorus  as  the  product  of  the  decomposition  of  this  body. 
There  are  facts  similar  to  this  decomposition  in  the  case  of  other 
elements.  The  sulphur  formed  by  the  decomposition  of  chloride 
of  sulphur  by  ammonia  is  in  the  insoluble  form.     The  decomposi- 


*  In  the  determinations  elsewhere  given  in  this  paper,  the  atomic  weight  has  been 
taken  as  32. 

t  Ann.  Ch.  Phys.  [3]  XXIV,  117. 
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tion  of  the  selenide*  of  potassium  and  of  ammonium  by  water, 
produces  allotropic  selenium.  From  the  description  given  by  Sacc^f 
the  same  body  appears  to  be  formed  by  the  decomposition  by  water 
of  the  liquid  chloride  of  selenium.  I  know,  however,  of  no  other 
case  in  which  the  action  is  continued. 

The  iodide  of  phosphorus,  which  plays  so  important  a  part  in  the 
change,  nearly  disappears  in  the  final  result.  In  the  phosphorus 
distilled  with  iodine,  only  traces  of  it  remain.  From  this  we  can 
readily  understand  how  in  other  cases  chemical  results  may  be 
brought  about  by  means  of  intervening  steps  and  by  the  formation  of 
substances  of  which  no  trace  whatever  is  ultimately  left.  This  hypo- 
thesis has  already  been  to  some  extent  applied  to  give  a  rational  view 
of  certain  chemical  changes  which  could  not  otherwise  be  accounted 
for,  but  has  never  received  that  development  in  the  philosophy  of 
chemistry  to  which  it  appears  to  me  to  be  entitled. 


XXIV. — On  the  Valuation  of  Indigo. 
By    Dr.    Frederick    Penny,    F.C.S., 

PROFESSOR    OF    CHEMISTRY    IX    THE    ANDERSONIAN    UNIVERSITY,    GLASGOW. 

Several  methods  have  been  employed  for  estimating  the  compara- 
tive value  of  commercial  indigo. 

The  colorimctric  processes  with  chlorine,  proposed  by  BerthoUct, 
and  first  practically  applied  by  Descroizilles,  have  been  most  exten- 
sively tried,  and  have  been  fully  described  by  Berzelius,J  Che- 
vreul,§  Schlumbergcr,||  Schubart,^  Persoz,**  and  others.  In 
these  processes  chlorine-water  or  bleaching-powder  was  used  as  the 
source  of  the  chlorine. 

Bolleytt  has  proposed  chlorate  of  potash  and  hydrochloric  acid 
as   the    source   of  chlorine,    and   has    reported   very   favourably    of 

*  Clicm.  See.  Qu.  J.  V,  93. 

t  Ann.  Ch.  Phys.  [3]  XXXII,  385. 

X  Trailc  de  Cliiniie. 

§  Le9ons  dc  Chimic  appliquee  u  la  Tcintnre. 

II   ]$ullet.  de  la  Soc.  Indiistr.  XV,  277. 

^  Tech.  Chimie. 

**  Traill';  dc  riinpiessioii  dcs  Tissus. 
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the  results  obtained  by  operating  upon  specimens  of  various  quali- 
ties. 

Some  chemists  consider  that  the  only  method  of  accurately  deter- 
mining the  value  of  this  article  consists  in  removing  the  various 
impurities  by  the  successive  action  of  diluted  acid,  caustic  alkali, 
alcohol  and  water,  and  then  ascertaining  the  quantity  of  indigo-blue 
that  remains,  the  ash  being  deducted  in  the  usual  manner.  Others, 
again,  prefer  the  process  of  reducing  the  indigo-blue  by  deoxidizing 
agents,  and  afterwards  precipitating  and  collecting  it  in  the  pure 
state.  This  method  was,  about  the  commencement  of  the  present 
century,  adopted  by  Pr ingle,*  who  employed  the  well-known 
materials,  sulphate  of  iron  and  lime,  as  the  reducing  and  dissolving 
agents,  and  separated  the  indigo-blue  from  the  clarified  solution  with 
hydrochloric  acid.  The  operations  involved  in  this  process  are  ex- 
ceedingly tedious,  and  in  consequence  of  the  peculiar  property  which 
reduced  indigo  has  of  forming  two  distinct  combinations  with  lime, 
the  one  soluble,  and  the  other  insoluble  (a  fact  not  known  to 
Pringle),  the  results  afforded  by  it  are  not  always  satisfactory. 

Danaf  has  recommended  another  method,  based,  however,  on 
the  same  principles.  It  consists  in  boiling  the  indigo  in  caustic  soda, 
and  cautiously  adding  protochloride  of  tin  until  the  indigo-blue  is 
completely  reduced  and  dissolved ;  the  clear  solution  is  then  preci- 
pitated by  bichromate  of  potash,  and  the  precipitate  being  well 
washed  with  dilute  hydrochloric  acid,  is  dried  and  weighed. 

FritzcheJ  has  suggested  cane-sugar,  alcohol  and  caustic  soda 
for  the  reduction  and  solution  of  the  indigo-blue.  His  process, 
which  appears,  however,  to  be  better  adapted  for  the  preparation  of  pure 
indigo,  than  for  testing  its  value,  has  been  repeated  and  favourably 
spoken  of  by  Marchand;  and  Berzelius  says  that  it  surpasses  all 
other  methods  that  have  been  employed  for  obtaining  indigo-blue  in 
a  state  of  purity. 

ChevreuPs  method  of  dyeing  cotton  until  the  indigo-solution  is 
exhausted  is  obviously  very  objectionable. 

Reinsch,§  after  trying  various  modes,  prefers  that  of  dissolving  a 
grain  and  a  half  of  the  indigo  in  concentrated  sulphuric  acid,  and  then 
estimating  its  comparative  value  by  the  quantity  of  v/ater  required  to 
be  added  to  reduce  the  colour  of  the  solution  to  a  certain  shade.  This 
process,  which  is  simple  and  convenient,  is  in  every  respect  similar  to 

*  Annales  des  Arts  et  Manufac  VI,  214 — 239. 
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that  long  since  applied    by   Ure,*  though  Pcrsozf  asci-ibcs   it  to 
Houton-Labillardiere. 

The  advantages  and  disadvantages  of  these  processes  have  been  so 
fully  discussed  by  Bolley  in  his  paper,  before  referred  to,  that  it  is 
unnecessary,  I  conceive,  to  make  any  further  comment  on  their 
respective  merits. 

The  method  I  have  now  to  propose,  is  based  upon  the  circumstance 
that  indigo-blue  in  presence  of  hydrochloric  acid,  is  decolorised  by 
bichromate  of  potash.  This  salt  has  long  been  used  for  discharging 
indigo-blue  and  other  colours  in  the  printing  of  textile  fabrics,  as  well 
as  for  bleaching  oils,  fats,  and  several  other  substances.  In  employ- 
ing it  for  estimating  the  comparative  value  of  commercial  indigo,  the 
necessary  manipulations  are  exti'emely  simple. 

Ten  grains  of  the  sample,  in  very  fine  powder,  are  carefully  triturated 
with  two  drachms  by  measure  of  fuming  sulphuric  acid,  and  the 
mixture  being  excluded  from  the  air  is  allowed  to  digest  with  occa- 
sional stirring  for  twelve  or  fourteen  hours.  A  small  flat-bottomed 
flask  with  a  tightly  fitting  cork,  is  a  very  convenient  vessel  for  this 
operation.  Some  pieces  of  broken  glass  should  however  be  thrown  in 
to  facilitate  the  contact  of  the  indigo  and  acid  during  the  agitation, 
and  thus  to  prevent  the  aggregation  of  the  former  into  small  clots, 
which  the  acid  by  itself  cannot  penetrate.  If  a  small  capsule  or  test- 
glass  be  used,  it  should  be  covered,  during  the  digestion,  with  an  air- 
tight gas-jar.  It  will  also  be  found  advantageous  to  place  the  mixture 
in  a  warm  situation,  say  between  70°  and  80°  F.,  that  the  action  of 
the  acid  may  be  fully  developed ;  a  higher  temperature  than  this  must 
be  avoided,  as  sul])hurous  acid  is  liable  to  be  produced,  and  the  trial  in 
consequence  completely  vitiated.  Great  care  must  be  taken  to  insure 
the  perfect  solution  of  the  indigo-blue  in  the  acid.  This  result  being 
accomplished,  the  solution  is  j)Oured  slowly,  with  constant  stirring, 
into  a  i)int  of  water  contained  in  a  basin,  and  f  of  a  volume  ounce  of 
strong  hydrochloric  acid  immediately  added,  the  flask  or  capsule  being 
rinsed  clean  with  water. 

An  alkalimeter  of  100  equal  measures,  is  now  made  up  in  the 
usual  way  with  7^  grains  of  dry  and  pure  bichromate  of  potash,  and 
the  solution  added  in  small  successive  portions  to  the  diluted  sulphate 
of  intligo  in  the  basin,  until  a  drop  of  the  mixture,  on  being  let  fall  on 
a  white  slab  or  slip  of  bibulous  ])aper,  presents  a  distinct  light  brown 
or  ochie  shade,  unmixed  with  any  blue  or  green.     The  process  is  then 

*  J.  Roy.  Inst.  1830. 

t  Tiuitc  dcs  Tibsus,  I,  131. 
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finished  ;  the  number  of  measures  of  bichromate  used  is  read  off,  and 
this  number  shows  the  comparative  value  of  the  indigo  subjected  to 
the  trial. 

In  applying  the  test-drop  to  the  bibulous  paper,  the  best  I'esults 
are  obtained  by  bringing  the  end  of  a  glass  rod  into  contact  with  the 
indigo-solution,  and  then  gently  pressing  it  against  the  surface  of 
the  paper.  The  stain  thus  produced  will  be  circular  and  conveniently 
localised  to  a  small  space.  By  using  bibvilous  paper  it  will  also  be 
found  much  easier  to  recognise  the  last  traces  of  the  blue  colour  than 
when  a  slab  is  employed,  and  the  results,  when  dry,  may  be  pre- 
served unchanged  for  reference  or  comparison. 

It  is  advisable  to  keep  the  indigo-solution  gently  heated  while 
the  chrome-liquor  is  being  added ;  and  it  is  essentially  necessary  that 
the  mixture  should  be  well  stirred  after  each  addition.  Several 
measures  of  the  chrome-solution  may  at  first  be  poured  in  without 
risk  of  error,  but  towards  the  conclusion,  the  liquor  must  be  added 
very  slowly  and  with  great  care,  as  one  or  two  drops  will  then 
be  found  to  produce  a  very  decided  effect.  The  characteristic  changes 
of  colour  which  the  mixture  undergoes  during  the  addition  of  the 
chrome-solution,  will  distinctly  indicate  the  approach  of  the  process 
towards  conclusion.  The  blue  colour  of  the  solution  gradually 
diminishes  in  intensity,  becoming  perceptibly  lighter  and  lighter, 
and  after  a  time  it  acquires  a  greenish  shade,  which  soon  changes 
to  greenish-brown,  and  almost  immediately  to  light  ochre-brown. 

I  have  tried  this  process  very  carefully  upon  pure  indigo,  prepared 
according  to  Fritzche^s  method.  The  mean  of  three  experiments, 
which  gave  results  almost  identically  the  same,  showed  that  10 
grains  of  pure  indigo  require  very  nearly  7^  grains  of  bichromate 
of  potash ;  and  I  have  accordingly  taken  this  quantity  of  the  salt  for 
solution  in  the  alkalimeter. 

The  following  table  contains  the  results  of  trials  upon  three  series 
of  specimens  of  commercial  indigo,  and  includes  likewise  the  price  of 
each  sample,  and  the  amount  of  ash  left  after  careful  incineration, 
as  well  as  the  moisture  expelled  at  212°.  The  first  series  of  samples 
was  obtained  from  an  indigo  brokei",  in  London  ;  the  second  from 
Messrs.  C.  Tennant  &  Co.,  Glasgow ;  and  the  third  from  Messrs. 
R.  and  I.  Henderson,  Glasgow. 
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FIRST    SERIES. 


SPECIMENS. 

Price, 
1851. 

Alkalimeter 
measures 
consumed. 

Ash 
per  cent. 

Water 
per  cent. 

s.        d. 

East  Indian    .     .     . 

6       4 

68 

4-5 

50 

})         }> 

6       0 

Q>Q 

5-8 

60 

}}         }} 

5       9 

64 

81 

8-0 

))         }} 

5       6 

54 

11-0 

70 

}}         }} 

4       9 

511 

7-2 

7-5 

}>         }) 

4       8 

54 

3-6 

70 

)}         }} 

4       4 

45 

140 

8-4 

Spanish     . 

4       3 

55 

12-3 

6-0 

3) 

3     10 

50 

130 

7-0 

» 

3       6 

441 

190 

5-5 

ii                   •         ' 

2     10 

28 

33-4 

4-5 

SECOND    SERIES. 


SPECIMENS. 

Price, 
1851. 

Alkalimeter 
measures 
consumed. 

Ash 
per  cent. 

Water 
per  cent. 

s.         d. 

Bengal       .... 

5       0 

64 

5-9 

4-0 

3> 

4       9 

47 

24-6 

50 

Benares     . 

4       6 

45 

20-7 

8-4 

Guatemala 

4       3 

50 

160 

6-5 

Madras 

3       8 

41 

10-6 

6-7 

Oude    .     . 

3       8 

46 

6-3 

8-5 

Caraccas    . 

3       6 

521 

16-2 

6-4 

Madras 

2       9 

35 

33-3 

60 

THIRD    SERIES. 


SPECIMENS. 

Price, 
1852. 

Alkalimeter 
measures 
consumed. 

Ash 
per  cent. 

Water 
per  cent. 

.V.          d. 

Java 

5       6 

634 

5-4 

4-8 

Bengal 

4     10 

59i 

7-5 

5-0 

53 

4       0 

56 

110 

5-3 

J3 

3       4 

451 

140 

7-2 

J' 

1       6 

24 

44-4 

4-4 

Manilla 

3       4 

351 

280 

5-0 

>j 

2       0 

261 

500 

5-4 
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The  results  iu  these  tables  clearly  show  the  uncertainty,  and  in 
several  instances  the  positive  inaccuracy,  of  the  common  methods  at 
present  employed  by  commercial  men  for  estimating  the  true  value 
of  this  article.  The  indications  of  quality  afforded  by  colour,  frac- 
ture, texture,  coppery  hue  when  rubbed,  cleanliness,  weight,  and 
other  characters,  should  always  in  ray  opinion  be  confirmed  by  the 
application  of  a  simple  chemical  process,  such  as  I  have  here 
described.  The  objection  on  the  score  of  the  time  consumed,  so 
strongly  urged  against  many  of  the  other  methods,  is  certainly  not 
chargeable  against  this  ;  for,  by  steeping  the  indigo  in  the  acid  over- 
night, twenty  or  thirty  samples  at  least  could  be  easily  tested  in  a 
day,  and  at  a  trifling  expense. 

I  may  mention  that  there  was  recently  sent  me  for  examination 
a  specimen  of  indigo,  offered  in  Glasgow  as  refined  indigo,  at  10s. 
per  lb.  It  gave  9  per  cent  of  ash,  and  2^  per  cent  of  moisture; 
and  10  grains,  when  dissolved  in  sulphuric  acid,  consumed  82  mea- 
sures of  the  bichromate  of  potash  solution.  It  is  in  very  fine 
powder,  with  a  deep  coppeiy-blue  colour.  Assuming  its  quality 
and  purity  to  be  uniform,  it  would  unquestionably  be  more  econo- 
mical, even  at  the  high  price  of  10s.  per  lb.,  than  much  of  the  indigo 
at  present  sold.  Its  tinctorial  powers  could  be  relied  on ;  and  from 
the  circumstance  of  its  being  finely  pulverized,  it  ob\iously  admits 
of  being  rigorously  tested  by  the  bichromate  process. 

The  method  here  proposed  is  open,  I  am  well  aware,  to  some  of 
the  many  objections  that  have  been  advanced  against  the  well-known 
chlorine  process.  It  is  quite  obvious,  for  instance,  that  unless  par- 
ticular care  is  taken  in  dissohdng  the  indigo  in  the  sulphuric  acid, 
not  only  is  a  part  of  it  liable  to  escape  solution  and  proper  esti- 
mation, but  in  the  ease  of  inferior  indigo,  sulphurous  acid  may  be 
produced,  which  would  of  course  involve  a  larger  consumption  of  the 
bichromate  of  potash  than  the  indigo-blue  itself  would  require.  It 
may  also  be  objected  that  bichromate  of  potash,  in  the  presence  of 
hydrochloric  acid  will  act  upon  the  other  constituents  of  ordinary 
indigo;  but  so  far  as  I  have  been  able  to  judge  from  a  very  extensive 
course  of  experiments  upon  a  great  variety  of  specimens,  the  amount 
of  these  influences  is  extremely  slight,  and  altogether  inappreciable 
when  the  process  is  executed  with  proper  care.  The  same  opinion 
has  been  expressed  by  Berzelius  and  Schlumberger  regarding  the 
chlorine  process ;  and  it  is  further  supported  by  the  fact,  that  indigos 
containing  a  large  proportion  of  brown  and  other  colouring  matters, 
consume  a  very  small  quantity  only  of  the  bichromate.  While, 
therefore,  this  process  has  no  pretensions  to   supply   scientific  men 
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with  the  means  of  determining  the  actual  amount  of  pure  indigo-blue 
in  samples  of  commercial  indigo,  it  is  in  my  opinion  admirably 
adapted  for  ascertaining  their  relative  values,  being  in  many  respects 
superior  to  those  which  have  hitherto  been  proposed. 

The  bichromate  of  potash  possesses  in  an  eminent  degree  all  the 
qualities  requisite  for  a  trustworthy  agent  of  valuation,  being  easy  of 
purification,  unchangeable  by  keeping,  and  of  uniform  composition. 


XXV. — On  the  Constitution  of  Stearine. 
By  Patrick  Duffy. 

STUDENT  IN  THE  BIRKBECK  LABORATORY,  UNIVERSITY  COLLEGE,  LONDON. 

A  specimen  of  stearine  from  mutton  fat,  having  its  second  melt- 
ing-point at  62°"5,  and,  therefore,  nearly  identical  with  the  substances 
analyzed  by  Lecanu*  and  Heintzf  respectively,  burned  with 
chromate  of  lead,  gave  the  following  results : 


I. 

0-2989  i 

grm 

.  gave : 

0-8483 

}y 

carbonic  acid, 

and 

0-3277 

}} 

water. 

II. 

0-2706 

)) 

gave : 

0-7677 

>} 

carbonic  acid. 

and 

0-3026 

}j 

water. 

III. 

0-2670 

}) 

gave: 

0-7544 

i) 

carbonic  acid, 

and 

0-2941 

n 

water. 

IV. 

0-2820 

» 

gave: 

0-7943 

>> 

carbonic  acid, 

and 

0-3148 

)) 

water. 

V. 

0-3492 

)) 

gave : 

0-9858 

)} 

carbonic  acid. 

and 

0-3858 

J) 

water. 

Tlicsc  numbers  correspond  to  the  following  quantities  per  cent : 

*  J.  Pharm.  [3]  XX,  325;  Ann.  Cli.  I'liys.  [2]  LV,  1<)2. 

t  Pogg.  Ann.  LXXXIV,  229.  It  is,  perhaps,  proper  to  state  tliat  it  diftcrcd  from 
theirs  in  hcing  the  second  cro|)  of  crystals  in  the  twcnty-lifth  ethereal  solution  of 
mutton  fat,  instead  of  the  first  crop  in  the  sixth  or  seventh  solution. 
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c. 

77-40 

77-37 

77-05 

76-81 

76-99 

H. 

12-18 

12-42 

12-23 

12-40 

12-27 

0. 

10-43 

10-21 

10-72 

10-79 

10-74 

The  following  are  the  numbers  obtained  by  Lecanu  and  Heintz, 
also  the  melting-point  given  by  them.  Liebig  and  Pelouze  do 
not  mention  the  melting-point  of  the  stearine  analyzed  by  them,  and 
Artzbacher's  melted  at  60°-6,  so  that  a  comparison  of  their  results 
with  the  others  is  not  admissible. 


Lecanu. 

Heiutz. 

Mean  of  mine, 

melting-point 

62° 

62° 

62°-5 

C. 

76-90 

76-74 

77-12 

H. 

12-44 

12-42 

12-30 

0. 

10-66 

10-84 

10-58 

1*8297  grm.  of  this  substance  was  saponified  in  a  small  flask  by 
a  solution  of  potash  in  alcohol;  the  alcohol  nearly  all  distilled  off 
in  the  water-bath ;  and  water  added,  which  formed  a  clear  solution 
of  the  soap.  This  solution  was  heated  in  the  water-bath  till  all 
smell  of  alcohol  disappeared ;  the  soap  was  decomposed  by  dilute  sul- 
phuric acid  in  slight  excess,  the  liberated  fatty  acid  allowed  to 
collect  and  solidify ;  and  the  water  containing  the  sulphate,  or  sul- 
phoglycerate  of  potash,  removed  by  a  delicate  pipette  :  it  was  slightly 
opalescent  from  precipitation  of  a  small  quantity  of  silica,  which  the 
potash  had  removed  from  the  flask.  The  fatty  acid  was  afterwards 
washed,  till  the  washings  ceased  to  leave  any  residue  on  evaporation, 
and  till  the  acid  ceased  to  lose  weight  by  washing,  and  subsequent 
drying  at  100°.     It  then  weighed  1-7521  grm. 

In  a  second  similar  operation,  1-4056  grm.  of  stearine  afforded 
1-3426  grm.  of  acid. 

In  a  third  operation,  1-0399  grm.  of  stearine  afforded  0-9931  grm. 
of  acid.  A  determination  of  the  glycerine  produced  in  this  opera- 
tion was  also  made;  for  that  purpose,  the  solution  of  sulphate  of 
potash,  mixed  with  glycerine,  was  evaporated  by  a  steam-heat  nearly 
to  dryness ;  dry  carbonate  of  potash  added ;  the  glycerine  extracted 
by  absolute  alcohol;  and  the  alcoholic  solution  was  filtered  and 
evaporated  over  sulphuric  acid  in  the  air-pump  vacuum  till  it  ceased 
to  lose  weight.  From  the  weight  so  obtained,  was  deducted  that  of 
the  small  quantity  of  sulphate  and  carbonate  of  potash  left  on 
burning  off  the  glycerine.     The  glycerine  weighed  0-093  grm. 

The  acid  of  each  operation  was  fusible  at  64°-7  into  a  perfectly 
Hmpid  liquid. 
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These  quantities  compared  to   100  parts   of  the  stearine  arc   as 

follows : 

I.  II.  III.  Mean. 

Acid     .     .     .     95-76         95-51         95-50         95-59 
Glycerine  .     .        —  —  8-94.  8-94 

The  acidj  burned  with  chromate  of  lead,  gave  the  following  results : 

I.  0-2969  grm.  of  first  operation  gave : 
0*8258     „     carbonic  acid,  and 
0-3320     „     water. 
11.  0-3164     „     of  second  operation  gave : 
0-8787     „     carbonic  acid,  and 
0-3572     „     water. 

These  numbers  correspond  to  the  following  percentages  : 


I. 

II. 

Mean. 

c. 

75-85 

75-74 

75-79 

H. 

12-42 

12-54 

12-48 

0. 

11-73 

11-72 

11-73 

The  equivalent  weight*  of  the  acid  was  determined  from  its  silver 
and  soda  salts.  A  portion  of  the  acid  was  added  to  a  solution  of 
pure  carbonate  of  soda,  which  was  boiled  till  saponification  was 
complete,  and  then  evaporated  to  dryness;  the  residting  soap  was 
removed  from  the  excess  of  carbonate  of  sodaf  by  treatment  with 
boiling  absolute  alcohol  and  filtration ;  the  alcoholic  solution  of  soap 
was  evaporated  to  dryness,  and  the  remaining  soda-salt  dissolved  in 
water;  and  from  this  solution  the  silver-salt  was  prepared  by  pre- 
cipitating with  nitrate  of  silver,  washing  the  precipitate,  and  drying 
at  100'^,  keeping  it  protected  as  much  as  possible  from  daylight. 

0*5893  grm.  silver  salt  of  acid  of  first  preparation  left  on  ignition 
0-1638  grm.  silver, 

*  The  term  "equivalent  weight,"  is  here  used  in  pi-eferencc  to  that  of  "atomic 
weight,"  as  the  latter  is  not  strictly  applicable  in  respect  to  substances  consisting  of  a 
mixture.  In  some  instances  in  this  paper,  where  this  reason  for  its  use  docs  not  apply, 
it  has  been  retained  for  the  sake  of  uniformity.  Another  reason  was,  that  in  speaking 
of  equivalents  it  was  not  required  to  take  into  consideration  the  fact  of  the  acid  being 
bibasic,  which  would  only  have  complicated  the  remarks  that  follow. 

t  Carbonate  of  soda  dissolves  in  small,  but,  for  questions  of  atomic  weight,  important 
quantities,  in  absolute  alcohol ;  but  I  have  some  reason  to  think  that  it  is  quite  insoluble 
in  an  alcoholic  solution  of  soap,  whicli  is  just  the  opposite  of  what  occurs  with  aciucous 
solutions,  for  lierc  the  carbonate  of  so(la  renders  the  soap  insoluble.  I  had  not  an 
opportunity  of  fully  investigating  this  point. 

VOL.    V. NO.    XX.  X 
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I.  0"410.2  grm.  soda  salt  of  acid  of  second  preparation  afforded: 

0'0986     „     sulphate  of  soda. 

II.  0'3415     „     of  same  salt  afforded  : 

O'OSll     „     sulphate  of  soda. 

A  mixture  of  acids,  of  which  4  equivalents  consist  of  3  equivalents 
of  stearic  acid  (C34  H34  O4),  and  1  of  oleic  acid  (Cgg  Hg^  O4),  would 
require  the  following  percentages  : 


Calculated 

Found. 

c. 

75-82 

75-79 

H. 

12-45 

12-48 

0. 

11-73 

11-73 

and  in  its  salts  : 

Calculated. 

.       28-42 

Found. 

Silver      . 

I.                       II. 

27-79              — 

Sodium  . 

7-89 

7-85             I'l^ 

It  is  not  intended  to  be  implied  that  the  acid  analysed  actually 
consisted  of  stearic  and  oleic  acids  in  the  proportions  indicated ;  on 
the  contrary,  it  must  have  contained,  if  any,  only  a  trace  of  oleic 
acid;  the  assumed  mixture  is  taken  only  for  the  convenience  of 
calculation,  inasmuch  as  its  composition  and  equivalent  weight 
closely  represent  those  found. 

100  parts  of  the  fat  contained  77-12  of  carbon;  the  95-62  parts  of 
acid  derived  from  them  contained  72-44  parts  of  this  carbon ;  the 
difference,  viz.,  4-68,  is  all  that  went  to  form  glycerine. 

The  equivalent  weights  of  the  fat  and  acid  are  obviously  in  the 
proportion  of  100:95*62,  but  the  equivalent  weight  of  the  acid, 
according  to  the  foregoing  determinations,  is  273 ;  hence,  the  equi- 
valent weight  of  the  fat  must  be  285,  which  agrees  with  what  we 
might  deduce  directly  from  its  own  analysis. 

It  has  hitherto  been  supposed  that  any  fat,  such  as  stearine,  which 
on  saponification  is  resolved  into  a  certain  acid  and  glycerine,  consists 
of  this  acid  combined  with  a  hypothetical  base,  oxide  of  lipyl 
(C3  H2  0)  ;  and  that  the  process  of  saponification  is  merely  a  case 
of  substitution,  1  equivalent  of  the  alkali  or  other  oxide  employed, 
changing  places  with  1  equivalent  of  the  oxide  of  lipyl,  and  com- 
bining with  the  acid  to  form  soap,  while  2  equivalents  of  oxide 
of  lipyl,  together  with  4  equivalents  of  water  combine  to  form  hy- 
drated  glycerine  (Cg  Hg  Og) . 
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If  this  represented  what  took  place  in  the  present  instance,  the 
loss  of  carbon  sustained  by  the  fat  on  being  converted  into  acid, 
should  have  been  to  the  fat,  in  the  proportion  of  3  equivalents  of 
carbon  to  1  of  fat,  or  -2^=6*31  per  cent  of  the  fat.  The  actual 
loss  was,  however,  only  4'65  per  cent,  a  result  which  coincides  closely 
with  those  found  by  Chevreul*  in  similar  analyses  of  mutton,  pork 
and  human  fats,  each  in  the  crude  state.  These  fats,  on  being  con- 
verted into  acid,  lost  respectively  4-181,  4-685,  4-493  per  cent  of 
carbon. 

Inasmuch  as  these  fats  were  analj^sed  by  Chevreul  in  the  crude 
state,  w^hile  that  which  I  operated  upon  was  comparatively  pure,  it 
might  be  thought  that,  the  conditions  being  thus  different,  any 
coincidence  in  the  results  can  only  have  been  accidental,  and  may 
have  originated  in  a  different  source  from  that  supposed,  but 
Chevreul  has  left  numerical  data  sufficient  for  making  the  calcu- 
lations here  required  independently  of  the  contrary  hypothesis. 

The  crude  acid  which  he  obtained  from  these  fats,  when  heated 
with  oxide  of  lead,  lost  in  each  case  the  same  quantity  of  water, 
viz.,  3-65  per  cent ;  its  equivalent  weight  was  therefore  246 ;  conse- 
quently, the  equivalent  weights  of  the  several  fats  were  to  246  in  the 
proportion  of  100  to  the  percentage  of  acid  obtained  from  them 
respectively,  or  as  100:96-5  for  the  mutton  fat,  100:95-9  for  the 
pork  fat,  and  100  :  96*18  for  the  human  fat;  that  is,  as  254,  256  and 
255  respectively.  Now,  if  1  equivalent  of  each  of  these  fats,  on 
being  converted  into  acid,  had  lost  3  equivalents  of  carbon,  the 
difference  between  the  quantity  of  carbon  in  100  parts  of  the  fat,  and 
that  in  the  percentage  of  acid  obtained  from  it,  should  have  been  :  in 
the  case  of  the  mutton  fat,  2^=7-08  per  cent,  in  the  case  of  the 
pork  fat,  ■rinr=7'0S  per  cent,  and  in  the  case  of  the  human  fat 
^^  =  7'05  per  cent. 

If  we  admit  that  the  proportion  of  the  fat,  which  in  saponification 
goes  to  form  glycerine,  contains  not  3,  but  2  equivalents  of  carbon, 
we  come  much  nearer  the  actual  result.  The  agreement  between  the 
calculated  and  found  quantities  is  then  as  follows  : 

Glycerine  found 
Calculated.  Found.  represents 

Purified  mutton  fat  .  .  4-21  4-68  3-498 

Crude  mutton  fat  .  .  4-72  4-181  3-.130 

„      pork  fat     .  .  .  4-68  4-685  3-451 

„      human  fat  .  .  170  4-495  3-780 

*  Rech.  Chim.  sur  les  Corps  Gras,  Paris,  1823,  333 — 343. 
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Further,  upon  the  Hpyl  theory,  the  difference  between  a  fat  and  the 
hvdrated  acid  producible  from  it,  is  that  the  latter  contains  1  equiva- 
lent of  water  (HO),  instead  of  1  equivalent  oxide  of  lipyl  (C3H2O) 
in  the  former;  consequently,  the  oxygen  in  an  equivalent  of  either 
should  be  the  same ;  but  the  analyses  do  not  support  this  view.  The 
oxygen  found  in   100  parts  fat  and  their  equivalent  of  acid  is  as 

follows : 

Crude  (Chevreul) : 


Purified  mutton.         Mutton.  Pork.  Human. 

Acid     .     .     .     11-21  10-132  10-253  10-633 

Fat       ...     10-58  9-304  9-756  9584 


Excess  in  acid       0-63  0-828  0-497  1-049 

According  to  these  experiments,  the  acid  did  not  derive  all  its 
oxygen  from  the  fat.     Is  the  excess  only  apparent,  and  belonging 
really  to  the  errors  of  experiment ;  or  is  it  due  to  the  circumstance  of 
any  oleic  acid  present  in  the  acid  undergoing  oxidation  during  the 
operations  of  drying,  weighing,  &c. ;  or  does  it  represent  a  definite 
quantity  of  oxygen  taken  up  in  the  form  of  water  during  saponifi- 
cation ?     The  latter  is  most  probable ;  for,  firstly,  the  concordance  of 
all  Chevreul's  analyses  with  mine   in   showing   an   excess,  would 
probably  not  have  occurred,  if  it  had  been  due  to  accident.     Secondly, 
there  must  have  been  extremely  little  oleine  in  the  fat,  and  a  cor- 
respondingly small  quantity  of  oleic  acid  in  the  acid  which  I  operated 
upon ;  and  if  it  had  arisen  from  the  absorption  of  oxygen  by  any 
oleic  acid  possibly  present,  this  absorption  being  gradual  would  have 
been   discovered  by  a  gradual  inci-ease  of  -007  to  -01  grm.  in  the 
weight  of  the  acid  in  my  determinations ;  but  although  the  acid  was 
kept  melted    and   exposed  to  the  air  for  hours,  no  increase  of  its 
weio-ht  occurred.     Thii'dly,  ChevreuPs  experiments*  show  that  free 
oxygen  is  not  taken  up  in  saponification ;   the  only  remaining  source 
of  this  increase  is  therefore  the  water  used.     Other  experiments,  to 
be  mentioned  pi'esently,  show  that  when  alcohol  is  used  instead  of 
water,  saponification  does  not  occur  in  the  ordinary  way. 

Upon  the  supposition  that  in  the  formation  of  4  equivalents  of 
acid  there  is  take  a  up  1  equivalent  of  water,  I  should  have  found 
the  increase  of  oxygen  0' 70  percent;  and  in  the  fats  analyzed  by 
Chevreul  it  should  have  been  0-78  per  cent  for  each. 

As  to  the  relation  between  the  hydrogen  in  the  fat  and  that  in  the 
acid,  it  is  scarcely  possible  to  arrive  in  this  manner  at  any  definite 

*  Rech.  Chim.  sur  les  Corps  Gras,  323—329. 
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expression  for  it ;  for  where  a  single  equivalent  of  it  does  not,  as 
in  the  present  instance,  amount  to  more  than  -n-^th  part  of  the 
substance,  ordinary  analysis  can  hardly  decide  between  one  equiva- 
lent more  or  less.  The  hydrogen  in  100  parts  fat,  and  in  their 
equivalent  of  acid,  appears  from  the  analyses,  as  follows : 

Crude  (Chevreul): 
, ^- , 

Purified  mutton.         Mutton.  Pork.  Human. 

Fat   ...  12-30     11-700     11-146     11-416 
Acid  .  .  .  11-93     11-553     11-234     11-040 


0-37     0-147    -0-088     0-376 

With  the  exception  of  that  of  the  pork  fat,  these  analyses  concur 
to  show  that  the  fat,  on  being  converted  into  acid,  loses  hydrogen ; 
the  analysis  of  the  pork  fat  shows  an  increase  of  0-088  per  cent 
in  the  acid. 

Upon  the  supposition  that  the  fat  contains  1  equivalent  of 
hydrogen  more  than  the  acid,  I  should  have  found  a  difference 
of  0-35  ;  but  this  theoretical  difference  is  reduced  to  0-26,  if  we 
admit  that  the  increase  of  oxygen  has  been  taken  up  as  an  equivalent 
of  water  in  the  formation  of  4  equivalents  of  acid.  The  hydrated 
acid  contains  1  equivalent  of  basic  hydrogen,  which  it  did  not 
derive  from  the  fat ;  hence  the  conclusion  is,  that  the  part  of  the  fat 
which  goes  to  form  the  acid  contains  2  equivalents  of  hydi-ogen 
less  than  the  fat  itself. 

What  I  consider  particularly  established  by  the  foregoing  facts  is, 
that  an  equivalent  of  fat,  in  being  converted  into  one  of  acid,  loses 
2  equivalents  of  carbon ;  and  that  a  given  quantity  of  acid  contains 
more  oxygen  and  less  hydrogen  than  the  portion  of  fat  from  which 
it  is  derived. 

Liebig  and  Pelouze*  represented  stearine  by  the  formula 
2St,  GlyO,  2H0,  rcgai-ding  it  as  analogous  to  sulphogly eerie  acid ; 
but  Heintz  has  already  remarked  that  the  analyses,  from  which  this 
formula  was  deduced,  arc  at  variance  with  those  made  by  Lccanu, 
Artzbacher  and  himself,  and,  I  may  add,  with  those  which  I  have 
made. 

I  have  also  made  the  following  analyses  of  mutton  stearine,  which, 
after  thirty-two  crystallizations  from  ether,  melted  at  5.2°,  64°'2  and 
69°'7,  and  furnished  an  acid  melting  at  66°-5.  Burnt  with  chro- 
mate  of  lead  : 

*  Ann.  Cli.  riiaim.  MX,  201;  J.  pr.  Chcm.  173;  Ann.  Cli.  Phys.  [2]  lAlU,  1  iti. 
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II. 
III. 
IV. 
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0-2760  I 

^•rni 

.  gave  : 

0-7745 

>} 

carbonic  acid,  and 

0-3050 

}} 

water. 

0-3081 

)} 

gave : 

0-8652 

}} 

carbonic  acid,  and 

0-3360 

}} 

water. 

0-2689 

3) 

gave : 

0-7218 

}) 

carbonic  acid,  and 

0-2927 

)} 

water. 

0-2974 

>) 

gave : 

0-8310 

J) 

carbonic  acid,  and 

0-3256 

}) 

water. 

0-2887 

)} 

gave : 

0-8075 

» 

carbonic  acid,  and 

0-3106 

)> 

water. 

These  numbers  correspond  to  the  following  per  cent 


c    . 

.     76-53 

76-56 

7602 

76-20 

76-28 

H    . 

.     12-27 

12-11 

12-10 

12-16 

11-95 

0     . 

.     11-20 

11-33 

11-88 

11-64 

11-77 

0-4709  grm. 
1-3264     „ 

,  gave  : 
carbonic  acid,  and 

0-5187     „ 
0-2873     „ 
0-8098     „ 
0-3143     „ 

water. 

gave  : 

carbonic  acid,  and 

water. 

The  following  analyses  of  beef  stearine,  having  its  several  melting- 
points  at  51°,  63°  and  67°,  were  made  with  chromate  of  lead. 

I. 


II. 


These  numbers  correspond  to  the  following  quantities  per  cent : 

I.  II. 

C 76-87  76-87 

H 12-24  12-15 

O 10-89  10-98 

*  Analyses  I.  and  II.  were  made  of  the  substance  after  it  had  been  dried  at  100°  5 
the  others  were  made  of  the  crystals  from  ether,  after  they  had  been  dried  over 
sulphuric  acid  in  the  air-pump  vacuum  till  they  ceased  to  lose  weight.  It  is  probable 
that  the  difference  between  the  carbon  in  the  two  series  of  analyses,  arose  from  the 
crystals  in  the  latter  case  having  retained  a  trace  of  ether,  and  hence,  that  the  numbers 
in  the  first  two  analyses  are  most  nearly  correct. 
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Beef  stearine  has  accordingly  the  same  composition  as  mutton 
stearine.  In  beef  stearine,  having  its  second  melting-point  at  60°"6, 
Artzbacher*  found  2  per  cent  more  carbon.  The  diflference  in  the 
purity,  as  indicated  by  the  melting-point,  of  the  substances  which  we 
analysed,  cannot,  I  think,  account  for  this  discrepancy  in  our  results. 
He  has  fallen  into  an  error  in  supposing  that  his  results  agree  with 
those  of  Chevreul  and  Lecanu;  for  in  ChevreuFs  "  Recherches 
Chimiques  sur  les  Corps  Gras,''  I  can  find  no  account  of  any  ultimate 
analysis  of  either  crude  or  purified  beef  fat ;  and  Le can uf  appears 
to  have  analysed  stearine  from  mutton  fat  only. 

To  1'019  grm.  of  mutton  stearine,  having  its  second  melting-point 
at  62°*5,  and  3"075  grms.  of  pure  oxide  of  lead  in  fine  powder,  abso- 
lute alcohol  was  added  in  quantity  sufficient  to  dissolve  the  stearine 
readily  when  heated.  The  whole  was  kept  boiling  in  the  water-bath, 
and  frequently  agitated  during  four  hours,  the  alcohol  being  replaced 
as  it  evaporated.  At  the  end  of  this  time  the  oxide  of  lead  retained 
its  yellow  colour,  and  nearly  the  whole  of  the  stearine  was  recovered 
unaltered,  except  for  the  admixture  of  a  trace  of  impalpably  fine 
oxide  of  lead.  No  lead-soap  appeared  to  have  been  formed.  The 
difference  between  the  circumstances  of  this  experiment  and  those  of 
the  ordinary  process  of  forming  lead-plaster,  was  that  the  water  of 
the  latter  operation  was  replaced  by  alcohol,  yet  this  was  sufficient  to 
prevent  saponification. 

The  following  experiment  was  performed  before  those  already 
detailed,  accordingly  in  the  belief  that  the  fats  M'ere  analogous  to 
ordinary  salts,  and  that  saponification  consisted,  as  represented,  in  an 
exchange  of  places  between  the  alkali  employed  and  the  oxide  of 
lipyl  or  other  base  of  the  fat ;  the  only  question  was,  as  to  what  this 
base  was.  The  intention  was  to  procure  a  body  corresponding  to 
ordinary  glycerine,  but  in  which  the  water  taken  up  by  the  base 
of  the  fat,  on  its  liberation  and  conversion  into  glycerine,  should  be 
substituted  by  ether. 

The  experiment  consisted  in  acting  in  the  first  instance  upon  stearine 
by  the  compounds  procured  by  the  action  of  the  alkali-metals  on  pure 
alcohol,  which,  from  their  analogy  with  the  hydrates  of  the  alkalies,  have 
been  called  the  ethylates  of  the  alkaUes  by  Dr.  Williamson.  Two  grms. 
of  sodium  were  dissolved  in  a  quantity  of  absolute  alcohol  sufficient  to 
dissolve  23*803  grms.  of  stearine,  which  were  added.     (The  propor- 


*  Ann.  Ch.  riiarin.  LXX,  239;  Coiupt.  llcnd,  dcs  Trav.  de  Cliiiu.  18-19,  343. 
t  J.  Pharm.  [3]  XX,  325;  Ann.  Ch.  Phys.  [2]  LV,  192. 
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tions  of  sodium  and  steariiic  are  nearly  those  of  equivalent  quantities, 
the  sodium  being  slightly  in  excess.)  The  whole  was  boiled  for  some 
time,  and  on  being  allowed  to  cool,  it  stiffened  into  a  jelly,  showing  that 
a  soap  had  been  formed ;  the  alcohol  was  then  distilled  off  in  the  water- 
bath,  and  the  soap  dissolved  in  water.  On  the  surface  of  the  solution 
an  oily  stratum  formed,  which  was  removed  by  a  pipette,  washed  with 
water,  and  the  washings  added  to  the  solution  of  soap.  The  soap, 
being  decomposed  by  hydrochloric  acid,  the  fatty  acid  was  collected, 
washed,  dried,  and  weighed;  it  amounted  to  17"481  grms.  The  oily 
substance  when  dried,  weighed  5*571  grms.  A  quantity  of  glycerine, 
which  was  not  weighed,  was  found  in  the  liquid  from  which  the  acid 
had  been  removed.  The  oily  substance  solidified  on  cooling  into  a 
semi-transparent  mass,  melting  again  at  29°.  It  dissolved  readily  in 
alcohol  and  ether.  By  crystallisation,  from  the  former,  its  melting-point 
was  raised  to  33°"7.  It  did  not  crystallise  from  ether,  was  not  sensibly 
affected  by  aqueous  solution  of  potash,  but  was  readily  saponified  by 
an  alcoholic  solution  of  potash.  On  distillation,  the  temperature  rose 
gradually  to  22-i°  C,  the  substance  came  over  partially  decomposed, 
and  a  black  mass  remained  in  the  retort. 

The  crystals  from  alcohol,  after  being  dried  over  sulphuric  acid  in 
the  air-pump  vacuum  till  they  ceased  to  lose  weight,  gave  the  following 
results  when  burned  with  oxide  of  copper : 

I.  0-3200  grm.  gave: 

0*8980  „  carbonic  acid,  and 

0*3600  „  water. 

II.  0-4255  „  gave: 

1*1720  „  carbonic  acid,  and 

0-4920  „  water. 

III.  0-3273  „  gave: 

0-8999  „  carbonic  acid,  and 

0-3796  „  water. 

These  numbers  correspond  to  the  following  percentages : 


c.    . 

.     76-53 

75-12 

74*99 

H.    . 

.     12-50 

12-85 

12*88 

0.     . 

.     10-97 

12-03 

12*13 

Although  the  analyses  are  not  satisfactory,  there  can  be  no  doubt, 
after   all  these  facts,  that  this  is  the  same  substance  as  the  stearic 
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ether  prepared  by  Redtenbaclier.*  In  shorty  I  prepared  this  sub- 
stance in  the  same  manner  that  he  did;  viz.  by  passing  a  current  of 
hydrochloric  acid  gas  into  a  solution  of  stearic  acid  in  alcohol,  and 
found  all  its  physical  characters  the  same  as  those  of  the  substance 
prepared  by  the  action  of  ethylate  of  soda  upon  stearine. 

Here  are  the  numbers  obtained  by  Redtenbacher  in  the  analysis 
of  stearic  ether : 

C 7613 

H 12-88 

0 10-99 

In  order  to  determine  whether  any  more  volatile  products  were 
formed  in  this  reaction,  0-8187  grm.  of  stearine  was  acted  upon  by  a 
quantity  of  ethylate  of  soda  containing  0-0772  grm.  of  sodium. 
The  stearine  was  placed  in  a  tube  inside  a  small  flask,  in  such 
manner  that  no  communication  occurred  between  the  stearine  and 
the  ethylate  of  soda,  till  the  flask  was  filled  with  alcohol  vapour, 
and  all  the  air  expelled  from  it.  The  orifice  of  a  conducting  tube, 
inserted  in  the  neck  of  the  flask,  was  then  introduced  under  a 
mercury  barometer  standing  in  a  mercury  trough ;  by  a  slight  incli- 
nation of  the  flask,  the  melted  stearine  was  allowed  to  flow  out  of 
the  tube  into  the  ethylate  of  soda,  the  heating  being  continued. 
By  this  arrangement,  any  gaseous  products  formed  in  the  decom- 
position would  have  been  collected  above  the  mercury  in  the  baro- 
meter, and  have  produced  a  depression  corresponding  to  their  elastic 
force ;  but  there  were  none,  unless  alcohol  vapour ;  for  the  depression 
of  the  column  was  only  from  30°-15  inches  before  the  operation,  to 
28°-G  after  it,  or  1-55  inch,  the  temperatvire  being  20°;  and  the 
same  depression  exactly  was  produced  by  a  few  drops  of  alcohol 
admitted  into  another  similar  barometer.  Stearic  ether  was  found 
to  have  been  formed. 

When  stearic  acid  is  substituted  for  stearine  in  this  reaction, 
no  ether  is  produced.  To  a  quantity  of  ethylate  of  soda,  containing 
0-02  grm.  of  sodium,  025  grm.  of  stearic  acid  was  added ;  stcarate 
of  soda  was  the  only  product. 

Amylate  of  soda  was  formed  by  adding  0-4i5  grm.  of  sodium  to 
pure  amylic  alcohol,  and  to  this  5-46  grins,  of  stearine  were  added;  a 
quantity  of  oily  substance  was  formed  which,  being  freed  from  soap 
by  washing,  and  from  amylic  alcohol  by  being  heated  in   an  oil- 

*  Ann.  Ch.  I'liann.  XXXV,  51. 
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bath  for  some  time  at  185°,  melted  at  25°'5j  and  was  in  every 
respect  similar  to  stearate  of  amyl  prepared  by  passing  hydro- 
chloric acid  gas  into  a  solution  of  stearic  acid  in  amylic  alcohol. 
At  temperatures  below  its  melting-point,  it  was  semi-transparent, 
soft  and  glutinous ;  above  its  melting-point,  it  passed  into  a  clear 
transparent  fluid ;  it  was  readily  soluble  in  alcohol  and  ether ; 
it  solidified  as  a  jelly  on  cooling  its  solution  in  the  former  by 
a  freezing-mixture,  but  did  not  crystallise  from  either;  it  was  not 
acted  upon  by  aqueous  solution  of  potash,  but  was  readily  converted 
by  an  alcoholic  solution  of  potash,  into  stearate  of  potash  and 
amylic  alcohol,  which  then  exhaled  its  well-known  odour. 

When  palmitine  was  substituted  for  the  stearine,  a  corresponding 
result  was  obtained.  To  0*231  grm.  of  sodium  in  amylic  alcohol 
2*598  grms.  of  palmitine,  having  its  second  melting-point  61°,  were 
added.  After  boiling  for  some  time,  a  solution  of  chloride  of  calcium  in 
amylic  alcohol  was  added,  which  gave  a  precipitate;  every  trace  of  the 
amylic  alcohol  was  afterwards  driven  off;  nothing  else  escaped  at  the 
same  time;  the  residue  was  digested  successively  with  anhydrous 
ether,  absolute  alcohol,  and  water.  The  ether,  when  filtered  and 
evaporated,  left  0*693  grm.  of  a  substance  having  a  close  resemblance 
to  the  stearate  of  amyl,  but  melting  at  13°*5.  Its  solution  in  al- 
cohol, when  cooled  by  a  freezing-mixture,  became  opaque  and  ge- 
latinous, but  not  sensibly  crystalline.  It  resembled  in  every  respect 
palmitate  of  amyl,  which  I  prepared  in  the  ordinary  way  with  palmitic 
acid  from  the  same  specimen  of  palmitine. 

Burned  with  oxide  of  copper  and  chlorate  of  potash,  0*246  grm. 
gave  0*709  grm.  carbonic  acid  and  0*286  grm.  water,  which  correspond 
to  the  following  numbers  per  cent : 


Found. 

Calculated. 

^42       • 

.     78*60 

77*30 

H42      . 

.     12*91 

12*88 

O4         . 

.       8-48 

9*82 

The  excess  of  carbon  found  may  have  arisen  from  the  palmitine 
used  containing  oleine,  or  a  trace  of  some  other  fat.  I  had  not  enough 
substance  to  repeat  the  analysis. 

What  was  removed  by  treatment  of  the  lime-soap  with  alcohol 
consisted  of  glycerine,  a  small  quantity  of  palmitate  of  amyl,  some 
palmitate  of  lime,  and  chlorides. 

Water  removed  inorganic  salts  only. 
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When  in  these  decompositions  of  stearine  and  palmitine,  the  pro- 
portion of  sodium  was  increased  beyond  that  of  1  equivalent^  the 
quantity  of  ether  obtained  diminished,  and  eventually,  with  a  quantity 
of  sodium  which  was  certainly  not  less  than  2  equivalents,  no  ether 
was  obtained. 

I  need  hardly  state  that  the  effect  was  similar  when  ethylate  of 
potash  was  used.  A  solution  of  anhydrous  ammonia  in  absolute 
alcohol,  and  which  from  analogy  is  ethylate  of  ammonia,  seemed  to 
produce  no  change  on  stearine,  even  when  boiled  with  it  for  some 
time. 

Considering  this  reaction  of  importance  with  reference  to  saponifi- 
cation and  the  constitution  of  the  fats,  I  have  repeated  it  under  every 
variation  of  circumstances  deemed  likely  to  elicit  its  explanation,  but 
the  preceding  are  the  principal  results  obtained ;  and,  although 
several  probable  reasons  might  be  assigned  for  it,  I  know  none  that 
can  at  present  be  advanced  with  much  confidence. 

It  is  interesting  to  observe  that,  while  the  ethers  formed  by 
stearic  and  2)almitic  acids,  with  vinous  alcohol,  melted  respectively  at 
33°'7  and  21°"5,*  the  corresponding  ethers  of  these  acids  with  amylic 
alcohol  melted  at  25°'5  and  13°"5  ;  showing  an  elevation  of  melting- 
point  with  an  increase  of  atomic  weight  in  the  acid,  and  a  depres- 
sion of  melting-point  with  an  increase  of  atomic  weight  in  the 
alcohol.  I  was  unsuccessful  in  the  attempt  to  obtain  those  of 
methylic  alcohol,  by  passing  hydrochloric  acid  gas  into  a  solution 
of  the  acids  in  purified  wood  spirit.  Should  the  character  alluded  to 
be  found  to  be  an  instance  of  a  general  law  as  regards  the  series 
of  fatty  acids,  we  might  predicate  that  cetine  and  substances  of  its 
class  are  not  ethers. 

ACTION    OF    PBRCHLORIDE    OP    PHOSPHORUS    ON    GLYCERINE. 

The  intimate  connection  between  the  subject  principally  discussed 
in  this  paper  and  that  of  the  constitution  of  glycerine,  obviously 
requires  that  any  conclusion  admitted  of  the  former  must  be  con- 
trolled by  results  established  of  the  latter.  The  inferences  to  be 
drawn  from  the  results  obtained  with  stearine  arc  not  easily  recon- 
ciled with  what  is  at  present  admitted  of  the  constitution  of  glycerine. 
For  this  reason,  it  was  intended  to  investigate  the  action  of  perchloride 
of  ])hosphorus  on  glycerine. 

When  glycerine  is  added  to  perchloride  of  phosphorus,  a  strong 


*  Fremy  found  palmitic  ether,  prepared  hy  means  of  sulphuric  acid,  to  melt  about 
210  (Ann.  Ch.  Pliarni.  XXXVI,  46). 
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heat  is  developed,  the  mixture  becomes  glutinous,  and  in  the  cold 
hard.  On  treatment  with  water,  or  better,  with  carbonate  of  soda, 
a  substance  considerably  denser  than  water,  and  very  like  pre- 
cipitated silica,  is  obtained.  In  performing  the  reaction,  it  is 
advisable  to  have  the  glycerine  as  concentrated  as  possible,  to  add  it 
in  small  quantities  to  the  perchloride,  stirring  the  mixture  after 
each  addition,  and  to  cease  adding  glycerine  as  soon  as  all  the 
perchloride  is  decomposed.  When  the  glj^cerine  contains  much 
water,  or  is  added  at  once  in  large  quantity,  the  perchloride  is 
resolved  chiefly  into  phosphoric  and  hydrochloric  acids,  which  have 
the  power  of  dissolving,  and  at  the  same  time  decomposing  the  new 
product  afterwards  formed.  The  operator  must  protect  himself, 
particularly  his  eyes,  from  the  action  of  the  hydrochloric  acid  fumes 
necessarily  produced  in  large  quantity. 

A  portion  of  this  new  substance  was  washed  till  free  from  every 
trace  of  hydrochloric  and  phosphoric  acids,  then  fused  with  pure 
soda;  in  the  nitric  acid  solution  of  the  fused  mass,  nitrate  of  silver 
gave  a  copious  precipitate  of  chloride  of  silver.  Nitric  acid  has  very 
little  action  on  it  in  the  cold,  but  when  warmed  dissolves  it  readily. 
This  solution,  rendered  alkaline  by  ammonia,  gave  no  precipitate 
with  sulphate  of  magnesia.  It  therefore  contains  chlorine,  but  no 
phosphorus.  It  dissolves  readily  in  cold  solution  of  potash,  very 
slowly  in  boiling  solution  of  ammonia,  very  slowly  also  in  boiling 
solution  of  acetic  acid;  it  is  not  reprecipitated  from  any  of  these 
reagents  by  neutralisation ;  it  seems  quite  insoluble  in  alcohol 
and  ether.  Cold  water  does  not  act  upon  it ;  but  when  kept  in 
boiling  water,  it  is  very  slowly  dissolved,  being  converted  into  a 
substance  which,  on  evaporation  of  its  solution,  remained  as  a  hard, 
perfectly  transparent  body,  highly  hygrometric,  absorbing  in  a  damp 
atmosphere  in  four  days  its  own  weight  of  water,  and  being  con- 
verted thereby  into  a  glutinous  mass.  The  aqueous  solution  of  this 
latter  substance  was  found  acid  to  test-paper,  but  gave  no  reaction 
for  hydrochloric  or  phosphoric  acid,  and  did  not  appear  to  decom- 
pose bicarbonate  of  soda.  The  hydrochloric  acid  solution  of  the 
original  substance  being  neutralised,  was  examined  for  glycerine ; 
it  furnished  none.  Hydrochloric  acid  converts  it  probably  into  the 
same  substance,  as  does  water. 

I  was  prevented  from  analysing  these  substances  by  the  circum- 
stance of  my  period  of  study  terminating. 
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XXVI. — On  the  compounds  of  several  essential  Oils  with  the 
Alkaline  Bisulphites. 

By  Cesare  Bertagnini. 

(Abstract  of  a  communication  made  to  Dr.  Hofraann.) 

An  inquiry  into  the  deportment  of  a  great  number  of  essential 
oils  with  the  alkaline  bisulphites  has  led  to  the  following  results : 

The  volatile  oils,  having  the  characters  of  aldehydes,  which  are 
more  generally  known  under  the  term  of  hydrides,  such  as  hydride 
of  benzoyl,  salicyl,  cuminyl,  &c.,  and  also  the  class  of  compounds, 
of  which  the  aldehyde  j!?or  excellence  is  known  as  the  prototype, 
possess  the  property  of  readily  forming  crystalline  compounds  with 
the  bisulphites  of  the  alkalies.  These  compounds  are  composed 
of  1  equivalent  of  the  aldehyde,  1  equivalent  of  the  alkaline  bisulphite 
and  a  variable  number  of  water-equivalents. 

Experiments  made  with  a  very  considerable  number  of  essential 
oils  not  belonging  to  the  family  of  aldehydes,  have  proved  that  they 
are  not  capable  of  forming  similar  compounds. 

The  compounds  in  question  are  readily  p/oduced  by  agitating  the 
oils  in  the  cold  with  solutions  of  the  bismphites,  or  by  placing 
the  oils  in  contact  with  the  alkalies  and  passing  a  current  of 
sulphurous  acid  through  the  liquids.  The  "white,  brilliant,  crystal- 
line substances  generated  in  this  manner,  are  entirely  insoluble  in 
solutions  of  the  bisulphites  and  in  cold  alcohol ;  they  dissolve  with 
facility  in  water,  and  are  readily  decomposed  by  the  action  of  acids 
and  bases,  and  likewise  by  an  elevation  of  temperature,  the  original 
aldehydes  being  reproduced.  The  formation  of  these  substances 
may  be  employed  with  great  advantage  in  pui'ifying  aldehydes,  when 
occurring  together  with  other  compounds,  or  in  recognizing  their 
presence  in  mixed  liquids. 

The  following  is  a  list  of  the  combinations  as  yet  analysed,  toge- 
ther with  their  formula}. 
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Compounds  with : 
Hydride  of  benzoyl    . 

Hydride  of  nitrobenzoyl 


Hydride  of  salicyl 
Hydride  of  anisjd  . 
Hydride  of  cuminyl 
(Enanthaldehyde   . 
Capraldehyde  .     . 


SOo,Ci,  Hg  0,  +  2Aq 
S02,C,,{JJ5jO,  +  2Aq 

SO,,  Cj,  h/  0,+    Aq 

S03,Ci6   Kg  0,+    Aq 

SOo,Coo   Hp  O^  +  SAq 

SO;Ci;  Hj  Oo  +  3Aq 

S02,C3o  KJ  0;  +  3Aq. 
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MEETINGS  OF  THE  CHEMICAL  SOCIETY. 


November,   1,   1852. 
Professor  Daubeny,  President,  in  the  Chair. 

John  Williain  Perkins,  Esq.,  and  Joseph  Torok,  Esq.,  of 
Paris,  were  duly  elected  Fellows  of  the  Society. 

Robert  Murray,  Esq.,  was  duly  elected  an  Associate  of  the 
Society. 

The  following  donations  were  announced  : 

"  Smithsonian  Contributions  to  Knowledge,  Vols.  III.  and  IV." 

'*  Report  of  Commissioners  of  Patents  for  1850:  Part  1.  Arts  and 
Manufactures ;  Part  2.  Agriculture." 

"  Report  to  the  Navy  Depai'tment  of  the  United  States  on 
American  Coals." 

"  Report  of  the  Secretary  of  War  on  the  Geology  and  Topography 
of  California." 

"Letter  from  the  Secretary  of  the  Treasury  on  Hydrometrical 
Tables,  &c." 

"  Fifth  Annual  Report  of  the  Board  of  Regents  of  the  Smith- 
sonian Institution  for  1850." 

"  On  recent  improvements  in  the  Chemical  Arts,  by  Booth  and 
Morfit." 

"  Directions  for  collecting,  preserving,  and  transporting  Speci- 
mens of  Natural  History" 
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"The  American  Patent  Laws." 

"  American  Zoological,  Botanical,  and  Geological  Bibliography 
for  1851." 

"  Abstract  of  the  Seventh  American  Census :" 

From  the  Smithsonian  Institution. 

"  Report  of  the  Jury  of  the  Great  Exhibition  on  Miscellaneous 
Manufactures :'  from  the  Reporters. 

"  Transactions  of  the  Royal  Society  of  Edinburgh,  Vol.  XX., 
Parts.,  for  1851-52." 

"  Proceedings  of  the  Royal  Society  of  Edinburgh :"  from  the 
Royal  Society  of  Edinbm'gh. 

"The  Quarterly  Jom'nal  of  the  Geological  Society  for  August, 
1852  :"  from  the  Geological  Society. 

"  The  American  Journal  of  Science  and  Arts  :"  from  the  Editors. 

"Phillips's  Elementaiy  Introduction  to  Mineralogy,  by  Brooke 
and  Miller:"  from  the  Editors. 

The  following  Resolution  of  the  Council  having  been  read  at 
three  meetings  of  the  Society,  was  submitted  to  a  ballot,  and  affirmed 
unanimously : 

"  That  it  be  recommended  to  the  Society  that  the  following  names 
be  removed  from  the  list  of  Fellows  :  Dr.  R.  H.  Brett,  Christopher 
Binks,  W.  Sands  Cox,  Isaiah  Deck,  Stanislaus  Desussex,  Thomas 
Griffiths,  Thomas  Hawkesley,  Andrew  P.  Halliday,  Charles  J.  Hodg- 
son, George  W.  Mowbray,  George  Southby,  Dr.  Wilton  Turner, 
John  Turner." 

The  following  papers  were  read : 

1.  "On  the  Valuation  of  Indigo  :"  by  Dr.  Frederick  Penny. 

2.  "Note  on  the  presence  of  Alumina  in  Urine:"  by  Lionel 
S.  Beale,  M.B. 

3.  "  Note  on  the  reaction  of  Glycocoll  with  Potash :"  by  Pro- 
fessor Horsford:  communicated  by  Dr.  Hofmann. 

Mr.  G.  H.  Makins  exhibited  and  explained  his  improved  Assay 
Balance. 
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November   15,    1852. 

Robert  Porrett,  Esq.,  Treasurer,  in  the  Chair. 

George  Hamilton,  Esq.,  of  Liverpool,  and  Stephen  Darby, 
Esq.,  of  Leadenhall  Street,  were  duly  elected  Fellows  of  the  Society. 

A  specimen  of  leaden  bullets,  in  a  highly  oxidized  state,  taken 
from  a  cast-iron  shell,  in  which  they  had  been  enclosed  for  fifty 
years,  was  presented  to  the  Society  by  Mr.  F.  A.  Abel. 

The  following  papers  were  read  : 

1.  ^' On  the  Constitution  of  Stearine :"  by  Patrick  Duffy. 

2.  "  On  the  Compounds  of  several  essential  Oils  with  the  Alkaline 
Bisulphites  -."  by  C.  Bertagnini,  communicated  by  Dr.  Hofmann. 


December  6,   1852. 

Robert  Warington,  Esq.,  Vice-President,  in  the  Chair. 

Dr.  John  Smith,  of  Sydney,  was  duly  elected  a  Fellow  of  the 
Society. 

The  following  donations  were  announced : 

"On  the  Mechanical  Equivalent  of  Heat,  by  J.  P.  Joule,  F.C.S.'' 

"  On  the  Air  Engine,  by  the  same." 

"  Heat  disengaged  in  Chemical  Combinations,  by  the  same." 

"  On  the  Limit  to  the  jMagnctizability  of  Iron,  by  the  same." 

"  On  a  powerful  Electro-magnet,  by  the  same." 

"  On  the  economical  production  of  Mechanical  Effects  from  Che- 
mical Forces,  by  the  same :"  from  the  Author. 

"  Report  of  the  Jury  of  the  Great  Exhibition  on  Philosophical  Instru- 
ments, and  processes  depending  upon  their  use :"  from  the  Reporter. 

"  Second  Report  of  the  Commissioners  of  the  Exhibition  of  1851  :" 
2  copies,  from  Dr.  Lyon  Playfair. 

VOL.    v. NO.    XX.  Y 
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"Lecture  on  Industrial  Instruction  on  the  Continent,  by  Dr.  Lyon 
Play  fair:"  from  the  Author. 

"  Subjects  for  Premiums  offered  by  the  Society  of  Arts :"  from  the 
Society  of  Arts. 

The  following  papers  were  read : 

1.  ^^Oa  some  new  Compounds  of  Tellurethyl :"  by  Professor 
Wohler,  communicated  by  Dr.  Hofmann. 

2.  "Analytical  Notes  :  I.  On  the  Action  of  Caustic  Potassa  on 
the  Phosphates ;  II.  On  the  behaviour  of  some  Oxides  with  Caustic 
Potassa  in  the  presence  of  Sesquioxide  of  Chromium  :"  by  A.  B. 
Northcote  and  A.  H.  Church. 


December  20,  1852. 

Dr.  Daubeny,  President  in  the  Chair. 

Thomas   William    Keates,  Esq.,  was   duly   elected   a   Fellow 
of  the  Society. 

A  paper  was  read : 

"On  the  law  of  Electrolysis  :"  by  Professor  H.  Buff. 

Mr.  Brodie  made  a  verbal  communication  on  the  "  Construction 
of  Chemical  Formulae." 
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IN 
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A. 

Acetone. — On  the  comportment  of  acetone  with  quick-lime:  by   C.  Fdkkel. 

Ann.  Ch.  Pharm.  Ixxxii,  63. 
Acid. — Note  on  a  new  acid  extracted  from  the  mother-hquor  of  fuhninate  of 
mercury  :  by  S.  Cloez.     Compt.  rend,  xxxiv,  364. 

On  the  acid  of  unripe  grapes  :  by  //.  Schicurtz.  Ann.  Ch.  Pharm.  lxxxiA%  82. 

On    a    pecuhar  acid    separated   in  the  parenchyma   of    the  lungs :    by 

F.  Ferdeil.     Ann.  Ch.  Pharm.  l.xxxi,  334. 
Acetic. — On  the  preparation   of  pure  acetic  acid  from  brandy-vinegar : 
by  C.  VolcM.  Ann.  Ch.  Pharm.  Ixxxii,  60;  Chem.  Soc.  Qu.  J.  v,  278. 
. .      On  the  manufacture  of  vine^^ar  :    by  Profs.  Graham,  Hofmann 
and  Playfair.     Pharm.  J.  Trans,  xii,  293. 

On  the  preparation  of  pure  acetic  acid  from  wood-vinegar  :  by 
C.  Volckel.     Ann.  Ch.  Pharm.  Ixxxii,  49 ;  Chem.  Soc.  Q,a.  J.  v,  274. 
Improvement  in  the  quick  process  for  manufacturing  vinegar  : 
by  A.  TFimmer.     Pharm.  J.  Trans,  xi,  578. 

, .      On  the  action  of  a  red  heat  upon  alcohol  and  acetic  acid  :  by 

M.  Berthelot.     Ann.  Ch.  Pharm.  Ixxxi,  108. 

Antimonic. — On   the    salts  of  antimonic  acid  :    by  L.  Hcffter.      Berl. 

Monatsbericht,  1852,  344  ;  Phil.  Mag.  [4]  iv,  399  ;  Pogg.  Ann.  Ixxxvi, 

418. 

Arsenious. — On  the  combination  of  arsenious  acid  with  albumen:  by 

Mr.  Herapalh.     J.  Pharm.  [3]  xxi,  35. 
Aspartic. — On  aspartic  and  malic  acid  :  by  L.  Pasteitr.    Ann.  Ch.  Pharm. 
Ixxxii,  324  ;  Ann.  Ch.  Phys.  [3]  xxxiv,  30  ;  absir.  Chem.  Soc.  Qu.  J. 
V,  62. 

Report  on  Pasteur's  experiments  on  aspartic  and  malic  acid  : 
by  J/.  Biot.     Phil.  Mag.  [4]  iv,  275. 

On  aspartic  acid  :  by  V.  Dessaic/ncs.     Ann.  Ch.  Pharm.  Ixxxiii, 
83. 
Benzoic. — On  the  conversion  of    salicylous  acid   into  monochlorinated 
benzoic  acid  :  by  L.  Ckiozza.     Ann.  Ch.  Pharm.  Ixxxiii,  317  ;  Compt. 
rend,  xxxiv,  850;  Ann.  Ch.  Phys.  [3]  xxxvi,  102. 

On  the  preparation  of  benzoic  acid  by  means  of  superheated 
steam  :  by  E.  A.  Sc.harling.     Pharm.  J.  Trans,  xi,  469. 
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Acid,  Benzoaric. — On  benzoaric  acid,  as  a  supplement  to  the  memoir  on 
urous  acid  :  by  A,  Gobel.     Ann.  Ch.  Pharm.  Ixxxiii,  280, 
Boracic. — On  the   compounds  of  l)oracic  acid  and  water  with  Ume  :  by 
H.  Rose.     Pogg.  Ann.  Ixxxvi,  56 1  ;  Ixxxvii,  1. 

On  the  action    of  water  on  boracic  acid   and   its   salts  :    by 
H.  Rose.     Pogg.  Ann.  Ixxxvi,  465. 
Camphomethylic. — On  camphomethylic  acid:  by  A.  Loir.     J.  Pharra. 

[3]  xxii,  288  ;  Compt.  rend,  xxxv,  328  ;  Chem.  Gaz.  1852,  469- 
Capric. — On  the  occurrence  of  capric  and  caprylic  acids  in  some  fusel-oils  : 

by  T.  Rowney.     Chem.  Soc.  Qu.  J.  v,  22. 
Carbonic. — Apparatus   for  the  determination  of  carbonic  acid;  by  Max 
Schaffner.     Ann.  Ch.  Pharm.  Ixxxii,  335;  Phil.  Mag.  [4]  iv,  317. 

General  remarks  on  the  action  of  water  on  carbonic  acid  and 
the  carbonates  :  by  H.  Rose.  Pogg.  Ann.  Ixxxvi,  99,  279  ;  Ber.  d. 
Akad.  d.  Wissensch.  zu  Berlin,  1S52,  2G9  ;  Chem.  Gaz.  1852,  318, 

On  the  compounds  of  the  oxides  of  cadmium  and  silver  with 
carbonic  acid:  by  H.  Rose.  Pogg.  Ann.  Ixxxv,  302;  Chem.  Gaz. 
1852,  181. 

Compounds  of  carbonic  acid  and  water  with  sesquioxide  of 
cobalt :  by  H.  Rose.     Pogg.  Ann.  Ixxxiv,  547. 

On  the  combinations  of  carbonic  acid  and  water  with  the 
oxides  of  cobalt  and  nickel  :  by  H.  Rose.     Chem.  Gaz    1852,  139. 

On  the  compounds  of  carbonic  acid  with  oxide  of  copper :  by 
H.  Rose.     Chem.  Gaz.  1852,  28. 

On  the  compounds  of  carbonic  acid  and  water  mth  oxide  of 
zinc  :  by  H.  Rose.     Pogg.  Ann.  Ixxxv,  107. 

On  the  quantity  of  carbonic  acid  in  the  higher  regions  of  the 
atmosphere :  by  A.  Schlagintweit.     Pogg.  Ann.  Ixxxvii,  293. 
Chromic. — On  the  double  salt  of  chromate  of  potash  and  cyanide  of  mer- 
cury :  by  C.  Ranimelsherg.     Pogg.  Ann.  Ixxxv,  145. 
Citraconic. —  On  certain  products  of  the  action  of  nitric  acid  on  citraconic 

acid  :  by  -S.  Baup.     Ann.  Ch,  Pharm.  Ixxxi,  96. 
Citric. — On  the  constitution  of  citric  acid  :  by  L.  Pebal.  Ann.  Ch.  Pharm. 
Ixxxii,  78;  Chem.  Gaz,    1S52,  318;  ahstr.  Ann,  Ch.   Phys.  [3]  xxxv, 
469  ;  Chem.  Soc.  Qu.  J.  v,  284. 

On  the  decomposition  of  citrate  of  lime  in  contact  \vith  putre- 
fying curd  :  by  H.  How.     Chem.  Soc.  Qu.  J.  v,  1. 

On  the  occurrence   of  citric   acid  in   Richardsonia  scabra  :  by 

Rochleder  and  IFilligk,     Chem.  Gaz.  1852,  43. 

Crenic. — On  the  existence  of  organic  matter  in  stalactites  and  stalagmites, 

forming  crystallized  and  amorphous  crenate  of  lime  :  by  D.  -^  Wells. 

Sill,  Am.  J-  [2]  xiii,  11  ;  Chem,  Gaz.  1852,  72. 

Gallic. — On  gallic  acid  fermentation:  hy M.  Robiquet.     Chem.  Gaz.  1852, 

297. 
Hippuric— Examination  of  certain  products  derived  from  hippuric  acid  : 
by  N.  Socoloff  and  A.   Strecker.     Ann.  Ch.  Pharra,  Ixxx,  17;  Chem. 
Soc.  Qu.  J.  V,  71. 

On  a  new  method  of  obtaining  hippuric  acid  in  considerable 
quantity  without  evaporation  of  the  urine,  and  on  some  of  its  products 
of  decomposition  :  by  E,  Riley.     Chem.  Soc.  Qu.  J.  v,  97- 
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oxidation  of  ammonia  in  the  human  body,  with  remarks  on  nitrifica- 
tion :  by  H.  Bence  Jones.     Phil.  Trans.  1851,  ii,  399. 

Animal  Economy. — On  the  metamorphoses  which  organic  bodies  undergo  in 
the  animal  economy  :  by  M.  RanJce.  J.  pr.  Chem.  Ivi,  1 ;  J.  Pharm. 
[3]  xxii,  228. 

Animal  Fluids. — On  the  triple  or  ammonio-magnesian  phosphates  occurring 
"  in  the  urine  and  other  animal  fluids  :  by  J.  W.  Griffith.  Phil.  Mag. 
[4]  iii,  373. 

Animal  Substances. — Products  of  decomposition  obtained  by  treating  fea- 
thers, hedgehog's  bristles,  hairs,  globulin,  haematin,  and  the  wing-cases 
of  cockchafers  with  dilute  sulphuric  acid  :  by  A.  C.  Layer  and  Roller. 
Ann.  Ch.  Pharm.  Ixxxiii,  332. 

. On  the  products  of  the  destructive  distillation  of  animal  substances  :  by 

T.  Anderson.     Chem.  Soc.  Qu.  J.  v,  50. 

. On  the  use  of  chloride  of  baryta  for  the  preservation  of  animal  substances : 

by  M.  Blandet.     Compt.  rend,  xxxv,  221. 

. On  the  preservation  of  animal  and  vegetable  substances  :  by  Gail  Borden, 

jun.     Chem.  Gaz.  1852,  179. 

Anise. — On  anisated  balsam  of  sulphur:  by  E.  RoUquet.  J.  Pharm.  [3]  xxi, 
200. 

Antimony. — On  some  compounds  of  antimonic  acid  with  bases  :  by  L.  Heffter. 
Pogg.  Ann.  Ixxxvi,  418. 

On  the  salts  of  antimonic  acid  :  by  L.  Heffter.    Berl.  Monatsbericht.  1852. 

344  ;  Phil.  Mag.  [4]  iv,  399- 

Organic  bases  containing  antimony.     Chem.  Soc.  Qu.  J.  v,  &6. 

On  stibmethyHum  and  its  compounds :  by  H.  S.  Landolt.     Chem.  Gaz. 

1852,  381,  404. 

On  the  fluorine- salts  of  antimony :  by  F.  A.  Fliickiger.   Pogg.  Ann.  Ixxxvii, 

245. 

For  the  modes  of  distinguishing  antimony  from  arsenic,  vide  Arsenic. 
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Arclostaphylos. — On  the  leaves  of  Arctostaphylos  uva  ursi:    hy  A.  Kawalier. 

Ann.  Ch.  Pharm.  Ixxxii,  241  ;  Pharm.  J.  Trans,  xii,  195. 
Arsenic. — Note  on  chloride  of  arsenic:  by  F.  Penny  and  W.  Wallace.     Phil. 

Mag.  J.  [4]  iv,  361. 
On  arseniate  of  protoxide  of  cobalt :  by  M.  Gentele.    J.  pr.  Chain,  liv,  185; 

Chem.  Gaz.  1852,  HI. 
On  the  composition  of  arseniate  of  soda :  by  R.  Fresenius,    J.  pr.  Chem. 

Ivii,  30 ;  J.  Pharm.  [3]  xxii,  226. 

Note  on  some  new  arsenites  :  by  M.  Girard.     Compt.  rend,  xxxiv,  913. 

Presence  of  arsenic  and  antimony  in  various  combustible  minerals  and 

rocks,  and  in  sea-water  :  by  A.  Daubreo.     Pogg.  Ann.  Ixxxiv,  302. 
Improvement  in  Marsh's  apparatus :  by  M.  Chodzko.     Ann  Ch.  Phys.  [3] 

XXXV,  206. 
On  the  detection  and  qualitative  separation  of  tin,  arsenic  and  antimony ; 

and  on  the  relation  existing  between  these  metals  and  others  which  are 

precipitated  from  their  acid  solutions  by  sulphuretted  hydrogen  :  by 

C.  L.  Bloxam.     Chem.  Soc.  Q,u.  J.  v,  104  ;  Ann.  Ch.  Pharm.  Ixxxiii, 

180. 
On  the  qualitative  separation  of  arsenic,  tin  and  antimony :    by  G.  F. 

Ansell.     Chem.  Soc.  Qu.  J.  v,  210. 

On   some   distinguishing   reactions  of  arsenical   and   antimonial  spots : 

by  Prof.   Wackenroder.     Arch.  Pharm.  [2]  Ixx,  14;   Chem.  Gaz.  1852, 
293. 

Distinction  between  antimonial  and  arsenical  spots  :  by  Mr.  Slater.  Arch, 

Pharm.  [2]  Ixx,  40  ;  J.  Pharm.  [3]  xxii,  316. 
New  process  for  separating  arsenic  from  organic  substances  :  by  Schneider. 

Pogg.  Ann.  Ixxxv,  433. 
On  the  hydrated  peroxide  of  iron  and  magnesia  as  antidotes  in  poisoning 

with  arsenic  :  by  J.  Iluidlen.     Chem.  Gaz.  1852,  1 69. 
Ash. — Analysis  of  a  saline  ash  from  British  Guiana:  by  E.  Greaves.  Pharm.  J. 

Trans,  xi,  485. 
Ashes. — On  the  inorganic  constituents  of  Lycopodium  Chamcecyparissus  and  L. 

clavatwn,  with  particular  reference  to  the  alumina  which  they  contain: 

by  A.  Aderholdt.     Ann.  Ch.  I'harm.  Ixxxii,  HI. 
Analysis  of  the  ashes  of  the  Scotch   fir  {Fivus  sylvestris)  and  the  beech, 

with  particular  reference  to  the  successive  growth  of  different  kinds  of 

wood  :  by  G.  Ileyer.     Ann.  Ch.  Pharm.  Ixxxii,  ISO. 
On  the  inorganic  constituents  of  the  vine  :    by  Berthier.     Ann.  Ch.  Phys. 

[3]  x.xxiii,  249  ;  Ann.  Ch.  Pharm.  Ixxxii,  133. 
Analysis  of  the  ashes  of  the  human  brain :  by  D.  Breed.   Ann.  Ch.  Pharm. 

Ixxx,  124. 
Analysis  of  the  ashes  of  salt  beef  and  ham  :  by  C.  Thiel.    Ann.  Ch.  Pharm. 

Ixxxi,  370. 
Analysis  of  the  ash  of  unsalted  pork :    by  Echevarria.     Ann.  Ch.  Pharm. 

l.xxxi,  375. 
On  the  constituents  of  the  ashes  of  the  blood  of  Limnlus  cyclops  (King's 

crab) :  by  F.  A  Genth.     Ann.  Ch.  Pharm.  Ixxxi,  68. 
Asperula. — Examination  of  the   herb  of  Asperuln  adorata  :    by  R.   Schwartz. 

Chem.  Gaz.  1852,  6I. 
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Aspirator. — On  a  new  aspirator  :  by  T.  Andrews.     Phil.  Mag.  [4j  iv,  330. 

Atmosphere. — New  process  for  determining  the  amount  of  water  in  the  atmo- 
sphere :  by  T.  Andrews.     Pogg.  Ann.  Ixxxv,  36. 

Researches  on  the  constitution  of  the  atmosphere :  by  31.  Lewy,   Ann.  Ch. 

Phys.  [S]  xxxiv,  5. 

On  the  production  of  cyanogen  by  means  of  the  nitrogen  of  the  atmo- 
sphere :  by  M.  Rieken.     J.  Pharm.  [3]  xxi,  29. 

On  the  quantity  of  carbonic  acid  in  the  higher  regions  of  the  atmosphere  : 

by  A.  Sc/dagintweit.     Pogg.  Ann.  Ixxxvii,  693. 

Atomic  Volume. — On  the  atomic  volumes  of  bodies;  determination  of  these 
volumes  in  liquids  :  by  M.  Avogadro.     Ann.  Ch.  Phys.  [3]  xxxvi,  96. 

Atomic  Weight. —  Researches  on  the  relation  between  the  mean  atomic  weight 
of  elementary  bodies  and  their  specific  heat :  by  C.  Gamier.  Compt. 
rend,  xxxv,  278. — Remarks  on  the  preceding:  by  M.  Wertheim.  Ibid. 
300. 

Atomic  Weights. — Observations  on  the  atomic  weights  of  elementary  sub- 
stances :  by  0.  L.  Erdmann.     Ann.  Ch.  Pharm.  Ixxxii,  66. 

Atoms. — Seventh  memoir  on  the  grouping  of  atoms  in  molecules,  and  on  the 
most  intimate  causes  of  crystalline  form  :  by  A.  Gaudin.  Compt.  rend, 
xxxiv,  16S. 

Attraction. — Note  on  molecular  attraction :  by  J£  d'Esiocquois.  Compt.  rend, 
xxxiv,  475. 


B. 

Barium. — On  the  atomic  weights  of  platinum  and  barium:  by  T.  Andreios. 
Chem.  Gaz.  1852,  379. 

On  the  preparation  of  pure  barium-compounds :  by  H.  JFurtz.     Chem. 

Gaz.  1852,  268. 

Bark. — On  the  Cortex  Soymidce,  the  bark  of  Swietenia  febrifuga:  by  A.  Over- 
beck.     Pharm.  J.  Trans,  xi,  420. 

Yellow  bark:  by  Dr.  Schwartz.     Pharm.  J.  Trans,  xii,  17. 

Barley. — On  the  variation  in  the  relative  proportion  of  potash  and  soda  in 
certain  samples  of  barley,  grown  in  plots  of  ground  artificially  impreg- 
nated with  one  or  other  of  those  alkalies  :  by  C.  JDaubeny.  Chem.  Soc. 
Qu.  J.  V,  9. 

Experiments  on  the  growth  of  barley  in  artificial  soils  :  by  TF.  Henneberg, 

Ann.  Ch.  Pharm.  Ixxxi,  355. 

Barometer. — On  a  necessary  correction  in  the  observed  height  of  the  baro- 
meter depending  on  the  force  of  the  wind  :  by  Capt.  H.  James.  Ed. 
Phil.  Trans,  xx,  pt.  3,  377  :  Proc.  Roy.  Soc.  Edinb.,  1851-2,  124. 

Baryta. — Action  of  baryta  and  strontia  on  the  compounds  of  titanium  before 
the  blow-pipe  :  by  E.  J.  Chapman.     Chem.  Gaz-  J 852,  297. 

On  the  use  of  chloride  of  baryta  for  the  preservation  of  animal  substances  : 

by  31.  Blandet.     Compt.  rend,  xxxv,  221. 

Reclamation  of  priority  with  reference  to  the  preceding  :    by  E.  Robin. 

Compt.  rend,  xxxv,  329. 

On  the  compounds  of  boracic  acid  and  water  with  baryta :    by  H.  Rose. 

Pogg.  Ann.  Ixxxvii,  1. 
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Bat. — On  the  composition  of  the  excrements  of  bats  :  by  M.  Lecanu.  J.  Pharra. 

[3]  xxi,  276. 
Batrachians. — New  observations  on  the  poison  contained  in  the  cutaneous 

pustules  of  Batrachian  reptiles :  by  P.  Gratiolet  and  S.  Cloez.  Compt. 

rend,  xxxiv,  729  ;  J.  Pharm.  [3]  xxii,  37- 
Beech. — Analysis  of  the  ashes  of  the   Scotch  fir  (Pimis  sylvestris)  and  beech, 

with  particular  reference  to  the  successive  growth  of  different  kinds  of 

wood  :  by  G.  Heyer.     Ann.  Ch.  Pharm.  Ixxxii,  180. 
Beef. — Analysis  of  the  ashes  of  salt  beef  and  of  ham:  by  C.  Thiel.     Ann.  Ch. 

Pharm.  Ixxxi,  370. 
Benzin. — On  the  uses  of  benzin  :  by  31.  Collas.     Pharm.  J.  Trans,  xi,  428. 
Benzoyl. — On  certain  new  products  derived  from  the  benzoyl-series  by  the 

action  of  nitric  acid  :    by  C.  Bertagnini,     Ann.  Ch.  Phys.  [3]  xxxiii, 

465. 
Berberine. — On  the  occurrence  of  berberine  in  the  Columbo  wood  of  Ceylon 
-  (Menispermum  fenestratum)  :    by  J.  D.   Perrins.      Ann.    Ch.    Pharm. 

Ixxxiii,  276  ;  Phil.  Mag.  [4]  iv,  99  ;  Pharm.  J.  Trans,  xii,  189. 
Bismethyl. — On  bismethyl,  a  new  compound  radical  containing  bismuth  :    by 

D.  Breed.     Sill,  Am.  J.  [2]  xiii,  404  ;    Ann.   Ch.  Pharm.  Ixxxii,  106  ; 

Ann.  Ch.  Phys.   [3]   xxxv,  479;    Chem.  Gaz.  1852,  201  ;    Chem  Soc. 

Qu.  J.  V,  71. 
Bismuth. — On  a  combination  of  sulphur,  nickel  and  bismuth  :  by  G.  JFerthei-. 

J.  pr.  Chem.  Iv,  227  ;  Chem.  Gaz.  1852,  253. 
Bixine. — On  bixine,  a  new  dye-stuff:  by  M.  Girardin.     J.  Pharm.    [3]   xxi, 

174. 
Blacking. — Composition  of  blacking:  Pharm.  J.  Trans,  xii,  256. 
Bleaching. — On  the  indirect  bleaching  power  of  mercury  :  by  C.  F.  Schonhein. 

3.  pr.  Chem.  Ivi,  353  ;  Phil.  Mag.  [4]  iv,  238. 
Blood. — Analysis  of  the  venous  blood  of  a  horse,  before  and  after  the  section 

of  the  pneumogastric  nerves  :  by  31.  Clement.     Compt.  rend,  xxxiv, 

977. 
Chemical  researches  on  the  fatty  matters  in  the  venous  blood  of  man :  by 

M.  Gobley.     J.  Pharm.  [3]  xxi,  241. 
Comparative  analyses  of  the  blood  of  the  vena  porta  and  the  hepatic 

veins  :    by  31.  Lehmann.      J.  Pharm.   [3]  xxi,  396  ;    J.  pr.  Chem.  liii, 

205. 

New  chemical  researches  on  the  blood  :  by  31.  Lecanu.     J.  Pharm.  [3] 

xxii,  244. 

Report  on  the  preceding :  by  31.   Th^nard.     Compt.  rend,  xxxv,  207. — 

Additional  note  on  the  same.     Ibid.  273. 

• On  the  colouring  matter  of  the  blood  :  by  F.  Verdeil.   Compt.  rend,  xxxiii, 

G89. 

On  the  crystaUization  of  one  of  the  substances  contained  in  blood-glo- 
bules :  by  3I3I.  Funke  and  Lehmann.  Ann.  Ch.  Phys.  [3]  xxxvi, 
244. 

—  On  the  crystallizability  of  one  of  the  principal  constituents  of  the  blood- 

corpuscles  :    by   Prnf.  Lehmann.      J.  pr.  Chem.  Iv,  65  ;    Chem.  Gaz. 
1852,  273;  J.  Pharm.  [3]  xxii,  157- 

On  the  crystallization  of  blood  :    by  31.  Funke.     J.  pr.   Chem.  Ivi,    193  ; 

J.  Pharm.  [3]  xxii,  156. 
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Blood. — On  the  form  in  which  the  absorbed  oxygen  exists  in  the  blood :  by 
/.  LiMg.     J.  Pharm.  [3]  xxi,  387- 

On  the  increase  in  the  proportion  of  fibrin  in  the  blood  quite  indepen- 
dently of  phlegmasia :  by  M.  Hatin.     Compt.  rend,  xxxiv,  982. 

Origin  of  fibrin  ;    mode  of  separating  the  blood-globules  from  the  serous 

liquid  which  holds  them  in  suspension  in  the  living  blood  ;  analysis 
of  the  blood-globules  :  by  M.  Lecanu.     Compt.  rend,  xxxv,  11. 

On  the  constituents  of  the  ashes  of  the  blood  of  Limulus  cyclops  (King's 

crab)  :  by  F.  A.  Genth.     Ann.  Ch.  Pharm.  Ixxxi,  68. 

What  is  the  chemical  substance  which  determines  the  absorption  of  the 

oxygen  contained  in  the  blood,  and  how  may  the  colouring  of  that 
liquid  be  accounted  for  ?  by  F.  Helef.     Compt.  rend,  xxxiv,  410. 

Bog-Butter.— On  Irish  bog-butter:  by  J.  A  Brazier.  Chem.  Gaz.  1852, 
375. 

Boiler. — Researches  on  the  incrustation  of  boilers  fed  with  sea-water:  by 
M.  Couste.     Compt.  rend,  xxxv,  186. 

Brain. — Analysis  of  the  ashes  of  the  human  brain:  by  Dr.  Breed.  Ann.  Ch 
Pharm.  Ixxx,  124. 

Bread. — Examination  of  bread  to  determine  the  percentage  of  bran :  by  il/ilf. 
Wetzel  and  Van  Hees.  Arch.  Pharm.  [2]  Ixviii,  284  ;  Chem.  Gaz. 
1852,   111. 

Experiments  to  determine  the  cause  of  the  difference  between  new  and 

stale  bread  :  hy  M.  Bonssingault.  Compt.  rend,  xxxv,  588. — Observa- 
tions on  the  same  :  by  31.  Thenard.  Ibid.  591. — By  31.  Payen.  Ibid. 
591. 

Bromine. — Observations  on  the  presence  of  iodine  and  bromine  in  aliments 
and  secretions  :  by  M.  Grange.     Compt.  rend,  xxxiv,  332. 

Method  of  separating  bromine  and  iodine,  and  of  determining  their  ratio 

when  mixed  :  by  0.  Henry.     J.  Pharm,  [S]  xxi,  255. 

Bronze. — Researches  on  the  alteration  of  bronze  used  for  the  sheathing  of 
ships  :  by  31.  Bobierre.     Compt.  rend,  xxxiv,  688, 

Butyl.— On  butylic  alcohol:  by  A.  Wurtz.  Compt.  rend,  xxxv,  310;  Chem. 
Gaz.  1852,  386. 


C. 

Cacodyl. — On  the  compound  ammonias  and  the  bodies  of  the  cacodyl-series  : 

by  T.  S.  Hunt.     Sill.  Am.  J.  [2]  xiii,  206 ;  Phil.  Mag.  [4]  iii,  392. 
Cadmium.— On  the  compounds  of  the  oxides  of  cadmium  and  silver  with 

carbonic  acid  :  by  //.  Rose.     Chem.  Gaz.  1852,  181. 
On  the  compounds  of  carbonic  acid  and  water  with  oxide  of  cadmium :  by 

H.  Rose.     Pogg.  Ann.  Ixxsv,  304. 
On  the  medicinal  properties  of  sulphide  of  cadmium  :    by  A.  Grimaud. 

Compt.  rend,  xxxiv,  528. 
Caffeine.— On  the  preparation  of  caffeine;  by  H.  J.  Versmann.    Arch.  Pharm. 

Ixviii,  148  ;  Chem.  Gaz.  1852,  67. 
Calcium.— AppUcation  of  the  slag  of  blast-furnaces  to  the  preparation  of  alum, 

chloride  of  calcium,  &c.     Pharm.  J.  Trans,  xii,  259. 
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Calluna. — On  the  substances  contained  in  ling  {Calluna  vulgaris) :    by  F.  Roch- 

leder.      Sitzungsber.  d.  Akad.  d.  Wissensch.  zu  Wien,  July,  1852; 

Chem.  Gaz.  1852,  468. 
Candles. — Preparation  of  pure  fatty  acids  for  the  manufacture  of  candles. 

Pharm.  J.  Trans,  xii,  137,  13S. 
Improvements  in  chemically  treating  the  wicks  of  wax  candles  (Smith's 

patent)  :  Pharm.  J.  Trans,  xii,  304. 
Cantharidine. — Volatility  and  solubility  of  cantharidine  :    by  W.  Procter,  jun. 

Pharm.  J.  Trans,  xii,  287. 
Caoutchouc. — On  caoutchouc  and  gutta-percha:  by  M.  Payen.    Corapt.  rend. 

xxxiv,  2. 
Improvements  in  the  manufacture  of  gutta-percha  and  caoutchouc  :  by 

S.  Moulton.     Chem.  Gaz.  1852,  239. 
On  various  processes  for  working  caoutchouc,  and  on  the  manufacture  of 

sulphide  of  carbon  :  by  M.  Girard.     Compt.  rend,  xxxv,  257- 
Extract  from  a  memoir  on  the  sulphuration  of  caoutchouc  and  on  certain 

properties   of  sulphur  :    by  M.  Payen.      Compt.  rend,    xxxiv,  453  ; 

J.  Pharm.  [3]  xxi,  366. 

Vulcanization  of  caoutchouc  :  by  M.  Payen.     Pharm.  J.  Trans,  xii,  32. 

Capparis. — Chemical  examinations  of  the  flower-buds  of  Capparis  spinosa  :  by 

Rochleder  and  Illasiwetz.   Sitzungsb.  d.  Akad.  d.  Wissensch.  zu  Wien, 

Jan.    1852  ;    Ann.  Ch.   Pharm.  Ixxxii,    197 ;    J.  pr.  Chem.  Ivi,   96 ; 

J.  Pharm.  [3]  xxii,  159;  Chem.  Gaz.  1852,  257. 
Carbon. — On  the  decolourizing  action  of  carbon  and  various  other  bodies  :   by 

E.  Filkol.     Compt.  rend,  xxxiv,  247. 
On  the  manufacture  of  sulphide  of  carbon  :  by  M.  Girard.     Compt.  rend. 

xxxv,  257. 
Carbonates. — On  metallic  carbonates  and  their  compounds  with  the  carbon- 
ates of  ammonia  and  of  the  fixed  alkalies  :    by  H.  Ste-Cluire  Deville. 

Ann.  Ch.  Phys.  [3]  xxxv,  385;    Ann.  Ch.  Pharm.  Ixxxi,  330;  Compt. 

rend,  xxxiv,  330. 

On  the  carbonates  and  other  salts  :  by  A.  Laurent.     Ann.  Ch.  Phys.  [3] 

xxxvi,  320 

Note  on  the  crystalline  form  of  double  carbonates :    by  //.   Ste-Claire 

Deville.     Ann.  Ch.  Phys.  [3]  xxxv,  460. 
On  the  composition  and  crystalline  form  of  the  carbonates  of  ammonia : 

by  //.  Sle-Claire  Deville.     Compt.  rend,  xxxiv,  880. 
■ On  the  chemical  constitution  of  the  hydrocarbonates  of  magnesia :    by 

T.  Scheerer.     Pogg.  Ann.  Ixxxvii,  87. 
On  the  manner  in  which  plants  assist  in  the  deposition  of  carbonate  of 

lime  :  by  E.  Ludwig  and  G.  Theobald.     Pogg.  Ann.  Ixxxvii,  91,  143. 
Note  on  the  preparation  of  carbonate  of  amyl :    by  ./.  A.  Bruce.     Chem. 

Soc.  Qu.  J.  V,  131. 
Carrot. — On  the  quantity  of  sugar  in  the  carrot   (Daucus  carrota),  and  its 

alcoholic  and  nutritive  equivalents :  by  C.  Schmidt.  Ann.  Ch.  Pharm. 

Ixxxiii,  325. 
Casein. — On  albumin  and  casein:  by  N.  Lieberknhn.     Pogg.  Ann.  Ixxxvi.  117, 

298- 
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Cassia. — Note  on  the   Cassia  fistula:    by  X.   Landerer.      J.  Pharm.  [3]  xxi, 
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1852,  133. 
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Menispermum. — On  the  occurrence  of   berberine  in   the   Columbo  wood   of 
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Milk. — Description  of  a  monstre  pygomele  of  the  bovine  race,  followed  by  a 
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Analysis  of  some  Scottish  minerals:    hy  A.  J.  Scott.      Proc.  Roy.  Soc. 
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Base.     Pogg.  Ann.  Ixxxiv,  303.— Also  by  R.  Weher.     Ibid.  306. 
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Minerals:   Chlorite. — On   crystals  of  Chlorite  from  the  Achmatow  Mine  in 

the  Ural,   and  their  relation  to  the  Chlorite  from  Schwarzenstcin  in 

the  Tyrol,   to  the  Ripidolite  of  St.  Gothanl  and  other  localities,  to 

Laphorite,  Pennin  and  Kiimmererite   (Rhadochrome)  :  by  N.  v.  Kok~ 
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J.  [2]  xiii,  117. 
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Pogg.  Ann.  Ixxxiv,  311. 
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H.  de  Senarmont.     Ann.  Ch.  Phys.  [3]  xxxvi,  155. 
Granite — On  the  alterations  of  Granite  Rocks  :    by  M.  Delesse.      Compt. 
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Horn-lead. — On    Horn-lead     and    Matlockite,     a    new    lead-ore    from 

Derbyshire:  by  C,  Rammelsberg.     Pogg.  Ann.  Ixxxv,  141. 
Humite. — On  the   crystallographical  and  chemical  relations  of  Humite 

(Chondrodite)  and  Olivine  :    by  C.  Rammelsherg.      Pogg.  Ann  Ixxxvi, 
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On  the  Humite  of  Monte  Somma  :  by.^.  Sacchi.     Pogg.  Ann. 
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Jenkinsite. — On   Jenkinsite,    a    new    mineral    from    Monroe,    Orange 

County  :  by  C.  U.  Shephard.     Sill.  Am.  J.  [2]  xiii,  392. 
Lithomarge. — Analysis  of  Lithomarge  from  the  Saxon  Topaz  rock.    Ann. 

Ch.  Pharm.  Ixxx,  122. 
Marekanite. — On  the  supposed  electrical  conducting  power  of  Mare- 

kanite  :  by  TF.  Haukel.     Pogg.  Ann.  Ixxxvii,  0)7 - 
Matlockite. — On  Horn-lead  and  Matlockite,  a  new  lead-ore  from  Derby- 
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On  a  new  made  formation  of  Mica  :  by  Dr.  Ettling.    Ann.  Ch. 

Pharm.  Ixxxii,  337. 
Oligist.— On  octohedral  Oligist  Iron  :    by  T.  S.  Hani.      Sill.  Am.  J.  [2] 

xiii,  370. 
Olivine. — On  the   crystallographical  and   chemical  relations   of  Humite 

(Chondrodite)  and  Olivine:    by  C.  Rammelsherg.      Pogg.  Ann.  Ixxxvi, 
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Minerals:  Orangite. — Chemical  researches  on  a  new   oxide  obtained  from 
a  Norwegian  mineral :    examination  and    analysis   of  Orangite :    by 
J.  Damour.     Compt.  rend,  xxxiv,  685. 
Petalite — On  Petalite  and  Spodumene  :  by  C.  Rammdsjery.    Pogg.  Ann. 

Ixxxv,  544. 
Phenakite. — On  a  new  locality  of  Phenakite  :  by  Prtf.  Miller.  Phil.  Mag. 

[4]  iii,  378. 
Pigolite. — Analysis  of  a  substance  resembling  the  Pigolite  of  Prof.  John- 
ston:  by  Prof.  Apjohn.     Chem.  Gaz.  1852,  373. 
Placodine. — On  Placodine  :  by  J.  Plattner.     Pogg.  Ann.  Ixxxii,  461. 
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Ixxxiv,  585. 
Pumice. — Notice  regarding  the  origin  of  Pumice  in  the  island  of  Tyree  : 
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Pyrites. — Analysis  of  Magnetic  Iron-pyrites  containing  nickel,  from  Gap. 
mine,  Lancaster  County,  Pennsylvania:  by  il/.  H.  Hoye.     Sill.  Am.  J. 
[2]  xiji,  219. 
Remingtonite. — On  Remingtonite,  a  new  cobalt  mineral :  by  J.  C  Booth. 

Sill.  Am.  J.  [2]  xiv,  48. 
Serpentine. — Chemical  examination  of  a  few  minerals  associated  Avith 

Serpentine  :  by  T.  H.  Garrett.     Sill.  Am.  J.  [2]  xiv,  45. 
Slate. — Chemico-mineralogical    examination    of   the    Taunus    Slate :    by 

K.  List.     Ann.  Ch.  Pharm.  Ixxxi,  181. 
Sommite. — On    Soramite    (Nepheline),    Mizzonite,    and     Mejonite:    by 

A.  Sacchi.     Pogg.  Ann.  Erganzungs-band  iii,  478. 
Spodumene.— On  Petalite  and  Spodumene:    by  C.  Rammelsberg.      Pogg. 

Ann.  Ixxxv,  544. 
Stalactites. — On  the  existence  of  organic  matter  in  Stalactites  and  Stalag- 
mites, forming  crystallized  and  amorphous  crenate  of  lime  :    oy  D.  A. 
TVells.     Sill,  Am.  J.  [2]  xiii,  11. 
Triphylin.— On  the  Triphylin  of  Bodenmais  :  by  C.  Rammelsberg.    Pogg. 
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Molecular  Action. — Researches  on   the   quantities  of  heat   disengaged   in 
chemical  and  molecular  actions  :  by  P.  A.  Favre  and  J.  T.  Silbermann. 
Ann.  Ch.  Phys.  [3]  xxxiv,  385  ;  xxxvi,  5. 
Molybdenum, — On  the  preparation  of  pure  molybdenum-compounds  from 
native  molybdate  of  lead  :  by  L.  A.  Bucliner.   Ann.  Ch.  Pharni.  Ixxxiii, 
320. 
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New  process  for  obtaining  molybdate  of  ammonia  :    by  IV.  Delffs,      Pogg. 
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On  neutral  molybdate  of  ammonia  :  by  F.  A.  Fliickiger.    Pogg.  Ann.  Ixxxvi, 

594. 

On  the  determination  of  phosphoric  acid  by  molyl)date  of  ammonia:  by 

jr.  J.  Craw.     Sill.  Am.  J.  [2]  xiii,  393;  Chem.  Gaz.  1S52,  6. 

On  some  ir.olybdates,  and  the  application  of  molybdic  acid  to  the  determi- 

nation of  phosphoric  acid  :  by  Ji.  Soancnschein.   J,  pr.  Chem.  liii,  339 
Chem   Gaz.  1852,  388. 
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Molybdenum. — On   the   occurrence  of  Diopside  and  Molybdate  of  lead  as 

crystalline   furnace-products  :    by  J.  Fr.  L.  Hausmann.       Ann.  Ch. 

Phann.  Ixxxi,  219- 
Mountain-ash, — On  a  new  kind  of  sugar  obtained  from  the  berries  of  the 

mountain-ash:    by  J.  Pelouze.     Ann.  Ch.  Phys.  [3]  xxxv,  223  ;    Ann. 

Ch.  Pharm.  Ixxxiii,  47  ;    J.  Phartn.  [3]  xxi,  321  ;  Compt,  rend,  xxxiv, 
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Mucilage. — On  vegetable  mucilage  and  substances  allied  thereto  ;    by  J)r. 

Kutzing.     Arch.  Pharm.  [2]  Ixvii,  1  ;  Pharm.  J.  Trans,  xi,  327. 
Mummy. — Chemical  and  microscopical  examination  of  the  fabrics  surrounding 

an  Egyptian  mummy,  with  some  remarks  on  the  analysis  of  the  flesh 

of  the  mummy,    and   on    the    Egyptian    method  of  embalming :    by 

W.  and  T.  J.  Herapath.     Chem.  Gaz    1852,  3G2. 
Myristone. — On  myristone  and  laurostearone  :    by  A.  Overbeck.      Pogg.  Ann. 

Ixx.xvi,  591. 
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Narcotine. — Observations  on  narcotine  :    by  31.  Wertheim.     J.  pr.  Chem.  liii, 

431  ;  Chem.  Gaz.  1852,  37- 
Narwhal. — Analysis  of  the  tooth  of  the  narwhal :    by  C.  A.  Joy.      Ann.  Ch. 

Pharm.  Ixxxii,  365. 
Nickel. — Analysis  of  magnetic  iron-pyrites  containing  nickel,  from  Gap  mine, 

Lancaster  County,  Pennsylvania:    by  J/.  H.  Boye.     Sill,  Am.  J.  [2] 

xiii,  219. 

Oo  the  combinations  of  carbonic  acid  and  water  with  the  oxides  of  nickel 
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On  the   preparation  of  pure    hydrate    and    carbonate    of    potash :    by 

H.  TFurtz.     Chem.  Gaz.  1852,  203. 
On  the  double-salt  of  chromate  of  potash  with  cyanide  of  mercury :  by 

C.  Rammelsbery.     Pogg.  Ann.  Ixxxv,  145. 
On  the  composition  of  a  series  of  hydrated  silicates  of  ferric  acid  and 

potash :  by  T.  Scheerer.     Pogg.  Ann.  Ixxxvii,  73. 

Potash-salts  in  blast  iron-furnaces.     J.  Frank.  Inst.  [3]  xxiii,  392. 
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On  the  composition  of  a  series  of  hydrated  silicates  of  ferric  oxide  and 

potash  :  by  T.  Scheerer.     Pogg.  Ann.  Ixxxvii,  73. 
Note  on  a  hydrosilicate  of  soda  which  is  found  cementing  a  mass  of  breccia 

in  the  neighbourhood  of  Sablonville :  by  L.  Kraft  and  N.  B.  Delahuye. 

Compt.  rend.  xxxv.  143. 
Silk-worm. — Chemical     and    physiological    researches    on    silk-worms:    by 

E.  Feligot.     Compt.  rend,  xxxiv,  290. 
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Spheroidal  state. — On   the   force   which   sustains    the    drops   of  liquid   in 
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I. — On  some  Compounds  of  Urea,  and  on  a  New  Method  for  the 
Determination  of  Chloride  of  Sodium  and  of  Urea  in  Urine. 

By  Justus  Liebig.* 

In  the  number  of  the  Annals  of  Chemistry  and  Pharmacy  for 
October,  1851,  I  have  mentioned  a  compound  of  urea  with  prot- 
oxide of  mercury,  which  is  obtained  in  the  form  of  a  white 
gelatinous  precipitate  when  a  solution  of  protochloride  of  mercury 
(corrosive  sublimate)  is  poured  into  a  solution  of  lu'ca,  previously 
made  alkaline  by  potassa. 

Werther  had  already  previously  observed,  that  urea  forms  with 
protochloride  of  mercury  a  compound,  crystallizing  in  flat  prisms  of 
a  pearly  lustre,  which  yields,  according  to  Piria,  a  white  precipitate 
with  potassa,  resembling  the  amide  of  mercury,  and  exploding  when 
heated. 

I  have  obtained  three  compounds  of  urea  with  protoxide  of 
mercury ;  one  of  which  is  formed  in  a  direct  manner,  and  was 
described  by  Dessaignes  a  few  weeks  after  the  publication  of 
my  notice  quoted  above ;  the  other  two  arc  obtained  by  precipitating 
an  alkaline  solution  of  urea  with  corrosive  sublimate  or  nitrate  of 
protoxide  of  mercury. 

*  The  substance   of  this    paper  was    communicated   to  the   Society   on   the  10th 
of  January,  1852  {See  this  Journal,  Vol.  Y,  p.  30). 
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A.  Urea  mid  Protoxide  of  Mercury,  2  HgO  +  U.* — On  adding  to 
a  warm  solution  of  urea  protoxide  of  mercury  suspended  in  water, 
the  first  portions  are,  as  described  by  Dessaignes,  completely 
dissolved  in  the  liquor;  an  excess  of  protoxide  of  mercury  is 
gradually  changed  into  a  white  or  yellowish-white  powder.  When 
dried  in  vacuo,  the  colour  of  this  compound  is  slightly  yellow ; 
when  heated  in  a  tube,  whilst  dry,  it  is  decomposed,  without  ex- 
plosion ;  ammonia  is  given  off,  metallic  mercury  sublimes,  and  a  yellow 
residue  of  mellon  remains,  which  disappears  only  on  ignition,  when 
cyanogen  gas  is  disengaged.  In  the  moist  state  it  decrepitates 
under  the  same  circumstances  ;  in  the  dark,  sparks  of  a  green  light 
are  observed. 

By  digesting  protoxide  of  mercury  in  the  water-bath  with  a 
solution  of  urea,  I  have  in  no  instance  succeeded  in  obtaining  this 
compound  entirely  free  from  cyanate  of  protoxide  or  suboxide  of 
mercury ;  a  feeble,  but  very  distinct  disengagement  of  ammonia 
invariably  takes  place.  The  yellowish-white  powder  formed  dissolves 
in  this  case,  in  hydrocyanic  and  hydrochloric  acids,  leaving  a  black 
residue  of  metallic  mercury  behind,  and  disengaging  a  small  quantity 
of  gas ;  the  solution,  when  treated  with  milk  of  lime,  gives  off 
ammonia.  This  is  the  character  of  the  cyanates.  When  digested  in 
the  water-bath  for  a  longer  period,  the  urea-compound  loses  its 
yellowish-white  colour,  and  becomes  lemon-coloured  and  granular. 
This  latter  compound  exhibits  the  deportment  of  a  basic  .yanate 
of  mercury. 

2000  grms.,  dissolved  in  hydrocyanic  acid,  gave  on  evaporation  a 
dry  residue  of  urea  and  cyanide  of  mercury  weighing  2*394  grms., 
from  which  were  obtained  by  precipitation  with  sulphuretted  hy- 
drogen 1*745  of  sulphide  of  mercury,  and  by  evaporation  of  the 
filtrate,  0"429  grm.  of  urea.     This  gives  for 

lAA  TT  1        i     •  1      i?  f  Protoxide  of  mercury     81*09 

100  Urea  and  protoxide  ot  mercury  i  tt  m  a^ 

^  -^  \Urea 21*45 

102*54. 

The  increase  in  weight,  amounting  to  upwards  of  2^  per  cent, 
appears  to  confirm  the  formula  of  Dessaignes,  according  to  which 
1  equiv.  of  water  separates  by  the  entrance  of  protoxide  of  mercury 
into  this  compound.  The  urea  obtained  by  me  was  not  however 
perfectly  dry ;  it  remained  somewhat  pasty,  and  possessed,  feebly,  the 

+ 
*  U  =  l  equiv.  of  urea. 
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reactions  of  sulphocyanide  of  ammonium.  I  am  therefore  not  quite 
sure  about  the  fact  of  water  separating  from  the  urea,  inasmuch  as  in 
the  silver-compound  which  contains  3  equivs.  of  oxide  of  silver,  a 
similar  replacement  of  water  by  oxide  of  silver  does  not  occur. 

By  the  same  process  of  digesting  a  solution  containing  about 
10  per  cent  of  urea  wdth  protoxide  of  mercury  until  the  reddish- 
yellow  colour  of  the  oxide  was  completely  converted  into  a  yellowish- 
w^hite,  I  have,  in  several  instances,  obtained  a  urea-compound 
containing  3  equivs,  of  protoxide,  instead  of  2,  just  as  the  compound 

to  be  described  forthwith. 

+ 

B.  Urea  and  Protoxide  of  Mercury,  3  HgO-f-U.— On  adding 
solution  of  potassa  to  a  solution  of  urea,  and  mixing  with  it  a  solution 
of  corrosive  sublimate,  the  liquid  being  continually  kept  alkaline  by 
renewed  addition  of  solution  of  potassa,  a  thick,  gelatinous,  snow- 
white  precipitate  is  obtained,  W'hich,  when  brought  into  boiling 
water  whilst  still  moist,  after  being  first  completely  washed,  is  con- 
verted into  a  sandy,  granular  powder  of  yellow  or  yellowish-white 
colour.  The  water  is  hereby  rendered  alkaline,  and  takes  up  a 
certain  amount  of  urea. 

When  dried,  the  powder  is  reddish-yellow ;  on  being  heated  in  a 
narrow  glass  tube,  it  is  decomposed  with  deci'epitation,  and  when  moist, 
frequently  with  explosion;  in  the  dark,  the  substance  becomes  luminous 
during  this  decomposition,  and  beautiful  green  sparks  are  observed ; 
water  and  carbonate  of  ammonia  are  hereby  given  off,  and  metallic 
mercury  sublimes,  mostly  without  any  residue  of  mellon ;  the  com- 
pound dissolves  in  hydi'ocyanic  and  hydrochloric  acids  without 
effervescence ;  alkalies  produce  in  the  latter  solution  a  yellowish- 
white  precipitate. 

The  analysis  of  this  compound  from  different  preparations  yielded 
the  following  results  : 

I.  4"606  gmis.  of  substance,  dried  in  vacuo  over  sulphuric  acid, 
gave  4*152  of  sulphide  of  mercury. 

II.  2-685  grms,  of  substance,  dried  in  vacuo  over  sulphuric  acid, 
gave  2-436  of  sulphide  of  mercury. 

III.  2-1904  grms.  of  substance,  dried  in  vacuo  over  sulphuric 
acid,  gave  1-9605  of  sulphide  of  mercury. 

IV.  1*7578  grms.  of  substance,  dried  in  vacuo  over  sulphuric  acid, 
gave  1-5815  of  sulphide  of  mercury. 

V.  1-000  grms.  of  substance,  by  combustion  with  oxide  of  copper, 


gave  0-1144  of  carbonic  acid  and  0-0594  of  water. 


B  2 
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VI.  2"094  grms.  yielded  by  direct  determination  0*350  grms.  of 
urea. 

Composition  in  1 00  parts  : 

Calculated. 

t '^ \  I.  II.  III.  IV.  V.  VI. 

Protoxide  of  mercury  .     .     324       84-37       84-1       843       83-91        84         —  — 

Urea 60       1563  156       16-6 

384     10000 

A- 

C.  Urea  and  Protoxide  of  Mercury,  4  HgO  +  U. — On  precipitating 
a  solution  of  nitrate  of  protoxide  of  raercurj'^,  instead  of  a  solution 
of  corrosive  sublimate,  with  an  alkaline  solution  of  urea,  a  white,  some- 
what less  gelatinous  precipitate  is  obtained,  which  also  loses  this  state 
in  boiling  water,  and  becomes  a  sandy  powder.  No  distinct  crys- 
talline structure  was  observed  under  the  microscope  in  either  of 
these  compounds. 

The  properties  of  this  compound  do  not  differ  from  those  of  the 
others  previously  described ;  it  contains,  however,  more  protoxide  of 
mercury.  The  substance  from  different  preparations,  dried  over  sul- 
phuric acid,  yielded  by  analysis  the  following  results  : 

I.  0*987  grms.  gave  0*932  =  94*4  per  cent,  of  sulphide  of  mercury. 

II.  2*200  grms.  gave  2085  =  94*3  per  cent  of  sulphide  of  mercury 
and  0*279  =  12*7  per  cent  of  urea. 

III.  3000  grms.  gave  2*860  of  sulphide  of  mercury  =  95*3  per 
cent  and  0*329=10*96  of  urea. 

IV.  2*000  grms.  gave  1*880  =  94  per  cent  of  sulphide  of  mercury; 
these  numbers  correspond  to  the  following  composition  : 


equivs. 

,  of 
of 

protoxide  of 
urea 

mercury  . 

Calculated. 

Found. 

4 
1 

( 

.     432 
.       60 

492 

87-804 
12-196 

I. 

87-82 

11. 
87-3 
12-7 

100-0 

III. 

88-72 
10-96 

IV. 

87*4 

100-000 

Urea  and  Protoxide  of  Silver. — When  freshly  precipitated  oxide  of 
silver  in  the  moist  state  is  put  into  a  solution  of  urea,  and  the  liquid 
left  in  a  warm  place  of  from  40°  to  50°,  the  oxide  of  silver  changes  its 
colour  after  one  or  two  hours,  appears  to  swell  up  from  one  point, 
and  becomes  granular  and  of  a  lighter  grey  colour ;  when  the  mass 
has  assumed  a  uniform  colour,  and  some  of  it  is  examined  under  the 
microscope,  the  powder  is  found  to  consist  of  transparent,  pretty 
regular,  scarcely  coloured,  prismatic  crystals.  The  compound  is 
readily  soluble  in  nitric  acid  without  disengagement  of  gas,  but  with 
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difficulty  in  ammonia ;  when  touched  at  one  point  with  an  ignited 
body,  it  undergoes  a  tinderlike  combustion,  a  large  quantity  of 
ammonia  being  disengaged,  and  is  converted  into  a  darker  coloured 
coherent  mass,  which  now  effervesces  with  acids  and  evolves  with  nitric 
acid,  besides  carbonic  acid,  nitric  oxide,  or  nitrous  acid.  On  heating 
the  burned  mass  in  a  tube,  a  strong  smell  of  cyanic  acid  is  per- 
ceived, and  a  white  body  sublimes  possessing  the  properties  of 
cyamelide.  The  urea-compound  is  converted  by  the  first  combustion 
into  a  mixture  of  metallic  silver  and  cyanate  of  suboxide  of  silver. 
On  being  heated  in  a  tube,  a  second  incandescence  takes  place ;  the 
cyanate  of  suboxide  of  silver  is  decomposed ;  part  of  the  cyanogen 
escapes  in  form  of  cyanic  acid ;  and  another  portion  remains  with 
the  silver ;  in  fact,  when  the  residue  is  boiled  with  dilute  nitric  acid, 
a  mixture  of  white  cyanide  of  silver  and  brown  paracyanide  of  silver 
is  left  behind. 

By  analysing  the  compound,  from  different  preparations,  there  was 
obtained : 

I.  From   2'0340    grms.   of  urea-oxide  of  silver,  dried  in   vacuo 
over  sulphuric  acid,  0"2960  grms.  of  pure  urea=  14*25  per  cent. 
II.  From  1-052  of  the  compound  0-826  of  metallic  silver. 
)}  i)         l'24o         „  „ 

l-2'>2 
„  „  I'ooo  „  „ 

]  -242 

These  results  lead  to  the  following  composition : 
Calculated. 

( '^ ^  I.  II.  III.  IV.  V.  VI.  VII. 

3  eqs.  of  oxide  of  silver  348  8529  —  84  32  84-54  84-81  83-50  84-68  84-75 
leq.  ofurca     ...     00     14-71     14-25       _____  _ 


III. 

1-585 

IV. 

1-547 

V. 

1-758 

VI. 

1-939 
1-574 

408  100-00 

Nitrate  of  Urea  and  Protoxide  of  Mercury. — On  adding  a  solution 
of  nitrate  of  ])rotoxide  of  mercury  to  a  solution  of  urea,  a  snow-white, 
flocculent  precipitate  is  immediately  formed,  containing  urea,  prot- 
oxide of  mercui-y  and  nitric  acid.  According  to  the  proportion  in 
which  the  two  solutions  are  mixed,  or  according  to  the  amount  of 
acid  in  the  mercury-salt,  three  compounds  or  mixtures  of  them  arc 
formed,  differing  by  their  amount  of  protoxide  of  mercury. 

These  various  compounds  possess  the  following  properties  in  com- 
mon :  they  yield,  when  burned  with  oxide  of  co[)per,  a  mixture  of 
gases  containing  nitrogen  and   carbonic   acid,  in   the  jn'oportion  of 
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3  to  2  volumes;  this  is  the  same  proportion  as  that  in  nitrate  of 
urea.  On  removing  the  protoxide  of  mercury  by  means  of  sul- 
phuretted hydrogen,  pure  nitrate  of  urea  remains  in  the  liquor 
filtered  off,  which  crystallizes  to  the  last  drop.  These  compounds 
differ,  therefore,  only  by  their  unequal  amount  of  protoxide  of  mercury  ; 
they  dissolve  in  hydrocyanic  and  hot  nitric  acid  without  leaving 
a  residue :  potassa  produces  a  white  precipitate  in  the  nitric  solvi- 
tion.  Heated  for  some  time,  when  dry,  in  a  current  of  warm  air, 
decomposition  ensues ;    they  assume  a  yellowish   colour,  and  their 

nitric  solution  yields  now  a  yellowish  precipitate  with  potassa. 
+ 
A.  NO5,  U4-4  HgO. — When  the  solution  of  urea  is  mixed  with 
the  mercurial  solution  in  a  vert/  dilute  and  warm  state,  and  the  pre- 
cipitate formed  is  digested  with  the  liquor,  it  quickly  aggregates  to  a 
heavy  white  powder,  which  presents  under  the  microscope  the  form  of 
roundish  grains,  consisting  of  very  small,  concentrically  grouped 
needles.  In  the  dry  state  this  powder  rolls  on  paper  like  fine  sand. 
After  being  dried  in  vacuo,  there  was  obtained  by  solution  in  hydro- 
cyanic acid  and  precipitation  with  sulphuretted  hydrogen  from  : 

I.  1*990  grms.  of  the  substance,  1-680  sulphide  of  mercury  =  88*4 
per  cent. 

XL  2*000  grms.  of  the  substance,  1*700  sulphide  of  mercury  =  85- 
per  cent. 

III.  2*000  gave,  after  the  removal  of  the  mercury,  0*410  of  nitrate 
of  urea,  and  after  its  saturation  with  carbonate  of  baryta  0*681 
nitrate  of  baryta  and  urea.  On  treating  this  0*681  grm.  with 
alcohol,  0*462  of  nitrate  of  baryta  was  left. 

This  compound  accordingly  consists  of : 

Calculated. 

-J"^ ,  I.  II.  III. 


r ^  '■'  *^*  ^^^' 

1  equiv.  nitric  acid ....       54         9*90        —  —         9*55 

1      „      urea 60       10*98        —  —       10*95 

4     „      protoxide  of  mercury     432       79*12     78*58     79*14       — 

546  100*00 
+ 
B.  NO5,  U  +  2  HgO. — On  adding  a  solution  of  crystallized  nitrate 
of  urea  to  a  moderately  dilute  solution  of  nitrate  of  protoxide  of 
mercury,  mixed  with  some  nitric  acid,  until  a  slight  cloudiness 
ensues  which  does  not  disappear  again,  then  filtering  and  allowing 
the  mixture  to  stand  quietly,  solid  hard  crystalline  crusts  are  deposited 
over  night,  consisting  of  an  aggregate  of  small,  rectangular,  brilliant. 
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transparent  tablets.     By  treatment  with  boiling  water,  these  crystals 
are  decomposed ;  they  become  dim  and  opaque,  and  are  transformed 
into  the  compound  just  described,  the  water  removing  from  them 
nitrate  of  urea.     The  analysis  yielded  the  following  results  : 
I.  2*400  grms.  gave  1T)96  sulphide  of  mercury. 
II.  2-000     „         „     1-414 
III.  2000     „         „     0'700  grm.  nitrate  of  urea,  from  which  were 
obtained  0  780  nitrate  of  baryta. 

This  compound  therefore  consists  of : 

Calculated. 

( ^^— X  I.  II.  III. 

1  equiv.  nitric  acid 54       1637       • —        —      1(3' 1 

1  „      urea 60       18-18       —        —      18-9 

2  „      protoxide  of  mercury      .     216       65-45     65-6     65*7      — 


330     10000 
+ 

C.  NOg,  U  +  3  HgO. — On  adding  a  dilute  solution  of  nitrate  of 
protoxide  of  mercury  to  a  solution  of  urea,  as  long  as  a  precipitate 
is  formed,  and  allowing  the  white  mass  to  stand  in  a  warm  place 
of  from  40^  to  50°,  the  precipitate  is  converted  into  six-sided  trans- 
parent tablets,  amongst  which  arc  observed  under  the  microscope, 
roundish  grains  of  the  first,  and  isolated  square  tablets  of  the 
second  compound.  In  no  instance  have  I  succeeded  in  obtaining 
this  compound  quite  pure  and  free  from  those  admixtures ;  the 
microscope  however  plainly  indicates  that  we  have  before  us  a  com- 
pound totally  different  from  the  other  two. 

2-000  grms.  gave  1-550  sulphide  of  mercury,  0-864  nitrate  of 
baryta  and  urea,  and  from  this  0-597  nitrate  of  baryta. 

3-000  grms.  gave  2-488  sulphide  of  mercury,  1-256  nitrate  of 
baryta  and  urea,  and  0  836  nitrate  of  baryta. 

The  first  analysis  yields  for  100  substance,  77-5  sulphide  of 
mercury ;  the  second,  803.  Assuming  the  compound  to  contain 
3  equivs.  of  protoxide  of  mercury  for  1  equiv.  of  nitrate  of  urea,  79-4 
per  cent  of  sulphide  of  mercury  should  be  obtained  from  it,  when 
in  a  pure  state. 

QUANTITATIVE    DETERMINATION    OF    CHLORINE    IN    NEUTRAL    LIQUIDS 
I5Y    MEANS    OF    PROTOXIDE    OF    MERCURY. 

Nitrate  of  protoxide  of  mcrcui-)'^  added  to  a  solution  of  urea,  imme- 
diately produces  a  thick  white  precipitate ;  this  precipitation  does  not 
take  place  with  solution  of  corrosive  sublimate. 

On  mixing  a  chloruic-compound  of  the  alkali-metals  with  nitrate  of 
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protoxide  of  mercury,  a  mutual  transposition  into  sublimate  and 
nitrate  of  the  alkaline  base  takes  place.  A  saturated  solution  of 
chloride  of  sodium,  mixed  with  a  concentrated  solution  of  nitrate  of 
protoxide  of  mercury,  solidifies  into  a  foliated  mass  of  crystals  of 
protochloride  of  mercury. 

On  mixing  a  solution  of  urea  with  chloride  of  sodium,  and  adding 
gradually,  in  small  portions,  a  dilute  solution  of  nitrate  of  protoxide 
of  mercury,  a  white  cloudiness  ensues  at  the  place  where  both  liquids 
meet,  disappearing,  howevei",  immediately  on  shaking,  leaving  the 
liquor  as  bright  and  transparent  as  before ;  without  the  chloride  of 
sodium,  it  would  have  retained  its  cloudiness.  This  deportment  lasts 
until  the  nitrate  of  protoxide  of  mercury  added,  exactly  suffices  to 
transform  the  chloride  of  sodium  into  corrosive  sublimate;  beyond 
this  limit,  a  single  drop  of  the  mercurial  salt  produces  a  lasting  white 
cloudiness. 

From  this  deportment  it  is  evident  that,  if  we  know  the  amount  of 
mercury  in  the  solution  of  nitrate  of  protoxide  of  mercury  which 
has  been  added  to  a  solution  of  urea,  containing  an  unknown  quan- 
tity of  chloride  of  sodium,  until  a  permanent  precipitate  is  formed, 
we  also  know  the  amount  of  chlorine  or  of  chloride  of  sodium  in 
this  solution;  1  equiv.  of  mercury  in  the  mercurial  solution  used, 
corresponds  exactly  to  1  equiv.  of  chlorine  (or  chloride  of  sodium) . 

If,'  on  the  contrary,  the  amount  of  chloride  of  sodium  in  the 
solution  of  urea  be  known,  and  the  amount  of  mercury  in  the 
mercurial  solution  be  unknown,  the  latter  amount  may  be  calculated 
with  facility. 

This  method  of  detei'mining  the  amount  of  chloride  of  sodium  is 
particularly  applicable  in  the  case  of  ui'ine,  inasmuch  as  no  urea  requires 
to  be  added ;  as  a  matter  of  course,  it  may  also  be  used  with  advantage 
for  the  estimation  of  the  chlorine  in  brine  or  sea-water,  and,  generally 
speaking,  in  every  case  when  a  large  number  of  such  determinations 
are  to  be  made  in  the  shortest  possible  time.  In  those  cases  in 
w^hicli  the  chloride  of  sodium  is  not  to  be  estimated  in  urine,  but  in 
other  neutral  liquids,  the  method,  now  to  be  described,  has  to  be 
modified  in  some  points. 

Preparation  of  the  Nitrate  of  Protoxide  of  Mercury. — If  chemi- 
cally pure  mercury  be  at  our  disposal,  this  preparation  does  not  offer 
any  difficulty.  5  parts  of  nitric  acid  of  1*425  spec.  grav.  are 
poured  on  1  part  of  mercury  in  a  beaker ;  this  is  then  placed 
over  a  water-bath,  and  heated,  with  frequent  additions  of  a  few  drops 
of  nitric  acid,  until  no  more  red  vapours  escape,  and  a  drop  of  it 
mixed  with  solution  of  chloride  of  sodium  ceases  to  produce  a  cloudi- 


SOME    COMPOUNDS    OF    UREA.  9 

ness ;  the  solution  is  then  evaporated  in  the  same  vessel,  and  over 
the  water-bath,  to  the  consistence  of  a  syrup.  The  mercuiy  of 
commerce  cannot  be  used  for  this  purpose,  because  it  always  contains 
lead  and  bismuth,  which  render  the  determination  of  chlorine 
uncertain.  The  presence  of  lead  or  bismuth  immediately  produces 
a  white  cloudiness,  or  an  opalescence,  on  mixing  the  mercurial 
solution  with  a  solution  of  chloride  of  sodium  containing  urea, 
which  renders  it  difficult  to  recognise  clearly  the  limit — or  the 
point  when  the  urea-compound  of  the  nitrate  of  protoxide  of 
mercury  is  precipitated.  It  becomes,  therefore,  necessary  first  to 
obtain  a  crystallization  of  nitrate  of  suboxide  of  mercuiy  by 
boiling  dilute  nitiic  acid  with  an  excess  of  metallic  mercury,  con- 
centrating and  cooling.  The  crystals  of  this  salt  are  then  sepa- 
rated from  the  mother-liquor  containing  the  other  metals,  washed 
first  with  some  dilute  nitric  acid  and  then  with  water,  whereby  part 
of  the  salt  may  be  transformed  into  a  basic  salt ;  they  are  next  dis- 
solved in  nitric  acid,  and  heated  until  no  further  escape  of  nitric  acid 
takes  place,  and  a  drop  of  it  tested  by  chloride  of  sodium  is  no  longer 
precipitated.  The  solution  of  the  salt  of  the  protoxide  is  now  evapo- 
rated in  a  water-bath,  to  the  consistence  of  a  syrup,  and  diluted 
with  10  times  its  bulk  of  water.  Should  there  be,  after  24  hours,  a 
separation  of  basic  salt  of  the  protoxide  from  the  mixture,  it  must 
be  filtered  ofi". 

In  order  to  employ  this  mercurial  solution  for  the  determination 
of  chloride  of  sodium,  it  must  be  graduated — that  is  to  say, 
reduced  to  a  definite  amount  of  protoxide.  This  may  be  effected  in 
two  ways  :  it  is  either  graduated  in  a  direct  manner  with  a  solution  of 
pure  chloride  of  sodium  of  a  definite  strength ;  or  the  amount  of 
protoxide  of  mercury  is  estimated,  and  the  solution  then  diluted  with 
such  a  quantity  of  water,  that  a  cubic  centimeter  of  the  dilute  solu- 
tion indicates  exactly  10  milligrammes  of  chloride  of  sodium.  Both 
methods  require  a  solution  of  chloride  of  sodium  of  a  definite 
strength. 

When  pure  transparent  rock-salt,  in  coarse  pieces,  is  digested  with 
water  during  twenty-four  hours,  at  a  temperature  of  from  12°  to  24°, 
and  the  liquor  frequently  shaken  during  that  time,  an  unvarying 
quantity  of  the  salt  is  dissolved. 

10  cub.  cent,  of  the  clear  filtered  solution  contain  a  definite, 
invariable  weight  of  chloride  of  sodium ;  a  determination  by  the 
balance  is  hereby  not  required. 

100  parts  of  water  dissolve,  according  to  the  experiments  of  Fuchs, 
36;  according  to  the  latest  investigations  of  Fchliug,  35'91 ;  and 
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10  parts  by  weight  of  the  sohition  contain  2'6423  of  chloride  of 
sodium.  The  spec.  grav.  of  the  sokition  is,  according  to  Karsten, 
1*2046;  according  to  Anthon,  1-205;  10  cub.  cent,  of  a  satu- 
rated solution  should  consequently  contain  3' 183  grms.  of  chloride 
of  sodium. 

By  evaporating  10  cub,  cent,  of  saturated  solution  of  chloride  of 
sodium,Ihave  obtained 3- 185,  3*184,  3*195,  3*175, mean 3*184  grms. 
of  chloride  of  sodium.  This  is  the  number  obtained  by  Fuchs  and 
Fehling. 

If,  therefore,  20  cub.  cent,  of  solution  of  chloride  of  sodium, 
saturated  at  the  ordinary  temperature,  be  exactly  measured  by  means 
of  a  pipette  (the  drop  adhering  to  the  end  of  the  pipette  not  blown 
off),  and  mixed  with  298*4  cub.  cent,  of  water,  we  have : 

298  4  cub.  cent,  of  water  TqiR-j,     v, 

20*0         „  „  solution  of  chloride  of  sodiumj  ' 

of  dilute  solution  of  chloride  of  sodium  containing  2  x  3184  milli- 
grammes of  this  salt.  10  cub.  cent,  of  this  solution  contain,  there- 
fore, 200  milligrammes  of  chloride  of  sodium. 

Preparation  of  the  test-liquor  for  the  determination  of  Chloride 
of  Sodium. — In  a  small  pipette,  holding  exactly  10  cub.  cent,  of 
liquor  when  filled  to  a  certain  line  in  the  narrow  tube,  10  cub.  cent, 
of  the  solution  of  chloride  of  sodium,  just  described,  are  measured 
off,  and  put  into  a  small  beaker ;  to  this  are  added  3  cub.  cent,  of  a 
solution  of  urea,  containing  in  100  cub.  cent.  4  grms.  or  in  1  cub. 
cent.  40  milligrammes  of  urea.* 

The  dilute  solution  of  mercury,  to  be  graduated,  is  now  put  into  a 
burette,  the  height  of  the  liquor  noted,  and  added  drop  by  drop  to 
the  solution  of  chloride  of  sodium  mixed  with  urea,  whilst  the  liquor 
is  kept  in  a  rotatory  motion.  The  test  is  finished  as  soon  as  a 
distinct  precipitate  is  permanently  formed  in  the  liquor.f 

If  for  10  cub.  cent,  of  solution  of  chloride  of  sodium  7*8  cub. 
cent,  of  the  mercurial  solution  have  been  required  to  induce  the  pre- 
cipitate, the  latter  is  too  concentrated  to  admit  of  an  exact  graduation  ; 

*  For  the  purpose  of  measuring  this  solution,  a  small  measure  is  made  of  a  narrow 
test-tube,  in  which  3  cub.  cent,  of  liquor  are  measured  off ;  the  height  of  the  liquor  is 
marked  by  a  scratch  with  a  file  ;  a  few  drops  more  or  less  are  of  no  consequence. 

t  An  opalescence  of  the  liquor  is  not  to  be  regarded ;  it  is  caused  by  a  trace  of 
foreign  metals ;  it  may  immediately  be  recognised  as  not  pertaining  to  the  test,  when, 
after  its  appearance,  the  cloudiness  of  the  liquor  is  not  increased  by  the  addition  of  a  few 
drops  of  the  mercurial  solution.  This  is  not  the  case  when  the  cloudiness  has  been 
caused  by  the  urea-compound;  every  additional  drop  of  the  mercurial  solution  then 
produces  a  cloud,  by  which  the  liquor  is  rendered  more  opaque  than  it  was  before. 
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it  has  then  to  be  diluted  with  its  bulk  of  water,  and  the  test  to  be 
made  a  second  time.  Suppose  15"5  cub.  cent,  of  the  mercurial  solu- 
tion have  now  been  required  to  produce  a  cloudiness  in  10  cub.  cent. 
of  the  solution  of  chloride  of  sodium  mixed  with  urea;  then  to 
155  volumes  of  this  mercurial  solution,  45  volumes  of  water  must 
be  added,  w^hereby  200  volumes  of  a  solution  are  produced,  of  which 
20  cub.  cent,  indicate  exactly  200  milligrammes  of  chloride  of 
sodium,  or  1  cub.  cent.  10  milligrammes. 

If  in  the  first  trial  2'7  cub.  cent,  of  mercurial  solution  be  required 
for  10  cub.  cent,  of  the  solution  of  chloride  of  sodium,  5  or  6  times  its 
bulk  of  water  must  be  added  before  the  first  graduation  is  made.  In 
short,  the  mercurial  solution  to  be  graduated  should  not  be  too  far 
removed  in  concentration  from  the  amount  which  it  is  ultimately  to 
contain. 

The  correctness  of  the  measurements  is  finally  controlled  by  a 
special  experiment ;  the  degree  of  cloudiness,  permanently  obtained 
on  mixing  20  cub.  cent,  of  the  test-liquor  with  10  cub.  cent,  of  the 
solution  of  common  salt  with  urea,  must  be  kept  in  view  when  making 
the  real  estimations.  In  these  quantitative  determinations  of  chloride 
of  sodium,  a  source  of  error  easily  avoided,  however,  by  a  little  practice, 
exists  in  using  too  much  mercurial  solution,  whereby  the  cloudiness 
is  increased,  or  too  little,  whereby  it  is  diminished. 

The  test-liquor,  the  preparation  of  which  I  have  just  described,  is 
calculated  for  those  cases  in  which  no  other  salts,  besides  chloride, 
and  no  excess  of  urea  exist  in  the  solution ;  it  leads,  however,  to  a  slight 
error,  when  employed  for  determining  the  chloride  of  sodium  in  urine, 
inasmuch  as  it  indicates  a  smaller  amount  in  urine  than  really  exists 
therein.  This  error  is  occasioned  by  the  cloudiness,  the  index  of  the 
termination  of  the  experiment,  appearing  somewhat  earlier  in  the  pre- 
sence of  much  urea  and  other  salts  than  without,  inasmuch  as  the 
precipitate  is  less  soluble  in  such  liquids.  A  deposit  of  nitrate  of 
urea  and  protoxide  of  mercury  is,  as  a  matter  of  course,  not  produced 
until  the  liquor  is  saturated  with  it ;  the  mercurial  solution  always 
contains  free  nitric  acid,  which  dissolves  more  of  it  than  water,  and 
this  again  more  than  a  nitric  solution  of  urea. 

Since  then  urine  generally  contains  more  urea  than  has  been  added 
to  the  solution  of  chloride  of  sodium  when  graduating  the  mercurial 
solution,  and  this  urea  seizes  part  of  the  free  nitric  acid  of  the  mer- 
curial salt,  forming  nitrate  of  urea,  the  solvent  power  of  the  liquor 
for  the  precipitate  is  diminished,  and  the  precipitate  appears  some- 
what sooner — that  is,  somewhat  less  of  the  test-liquor  is  required  to 
produce  the  cloudiness.     This  error  is  completely  obviated  by  adding 
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5  cub.  cent,  of  a  cold  saturated  solution  of  sulphate  of  soda  to  the 
10  cub.  cent,  of  solution  of  chloride  of  sodium,  mixed  with  3  cub. 
cent,  of  solution  of  urea,  and  then  graduating  the  test-liquor. 

Nitrate  of  protoxide  of  mercury  produces,  with  a  solution  of  sul- 
phate of  soda,  a  yellow  pulverulent  precipitate  of  turpethum  minerale. 
If  the  sulphate  of  soda  contains  chloride  of  sodium,  the  precipitate  of 
turpethum,  on  addition  of  nitrate  of  protoxide  of  mercuiy,  is  not 
formed  until  the  chloride  of  sodium  is  converted  into  sublimate ;  the 
addition  of  sulphate  of  soda  alters,  therefore,  the  experiment  only  in 
this  manner,  that  the  free  acid  of  the  mercurial  salt  combines  with 
the  sulphate  of  soda  to  form  an  acid  salt,  whereby  the  same  effect  is 
produced  as  by  an  excess  of  urea. 

On  adding  urea  and  then  nitrate  of  protoxide  of  merciu-y  to  a 
solution  of  sulphate  of  soda,  free  from  chloride  of  sodium,  the  liquor 
coagulates,  even  when  tolerably  dilute,  to  a  gelatinous  mass  of  a 
snow-white  compound,  containing  sulphuric  acid,  urea,  and  protoxide 
of  mercury ;  it  is  somewhat  less  soluble  in  water  and  sulphuric  acid 
than  the  corresponding  nitrate. 

The  method  of  determining  chlorine  by  means  of  a  silver-salt  is  so 
exact  that  no  more  exact  process  could  be  said  to  exist ;  but  the 
method  of  estimation  with  nitrate  of  protoxide  of  mercury,  just 
described,  is  not  inferior  to  that  with  nitrate  of  silver,  as  regards  pre- 
cision ;  it  is  applicable,  however,  only  to  neutral,  or  very  slightly 
acid,  or  alkaline  liquids,  because  an  excess  of  acid  prevents  the  pre- 
cipitation of  the  urea-compound. 

The  following  numbers  enable  us  to  make  a  comparison  of  both 
methods ;  they  refer  to  very  dilute  solutions  of  chloride  of  sodium,  pre- 
senting but  very  slight  difference  in  the  amount  of  chloride  of  sodium. 

Amount  in  10  cub.  cent.  Estimated  by  nitrate  of 

of  the  solution.  protoxide  of  mercury. 

I.     81*5  milligrammes 81-6 

11.     80-2  „  79-8 

III.     82-7  „  82-3 

We  observe  readily  that  these  numbers  do  not  differ  from  each 
other  in  a  greater  degree,  than  in  the  case  of  determinations  made 
with  standard  solutions  of  nitrate  of  silver  in  the  usual  way. 

The  only  advantage  the  nitrate  of  the  protoxide  of  mercury  has 
over  the  silver-salts  consists,  as  I  believe,  in  the  circumstance,  that 
the  termination  of  the  experiment  is  indicated  by  the  commencement 
of  the  reaction.  In  using  nitrate  of  silver  the  experiment  is  finished, 
when  no  farther  precipitate  is  perceptible ;  in  this  case  the  cloudi- 
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iiess  of  the  liquor,  the  difficulty  to  render  it  clear  in  order  to 
observe  the  end  of  the  experiment,  impedes  the  dispatch  of  the 
execution.  In  using  the  mercury-salt,  some  dozen  analyses  may  be 
made  in  an  hour;  hence,  this  method  is  particularly  applicable  to 
technical  purposes,  for  the  estimation  of  chloride  of  sodium  in 
Glauber's  salt,  and,  after  previous  neutralization,  in  the  soda  of  com- 
merce. 

In  order  to  determine  the  chloride  of  sodium  in  urine,  it  is  neces- 
sary to  remove  previously  the  phosphoric  acid  contained  in  it.  I 
have  found  a  mixture  of  1  volume  of  a  cold  saturated  solution  of 
nitrate  of  baryta,  and  2  volumes  of  cold  saturated  baryta-water,  to 
answer  this  purpose  very  well.  To  2  volumes  of  the  urine  to  be 
examined,  1  volume  of  this  mixture  is  added,  and  the  precipitate 
formed  filtered  oflFj  the  liquor  is  alkaline  from  the  excess  of  baryta; 
this  alkaline  reaction  must  be  removed  by  means  of  nitric  acid. 

For  the  experiment,  15  cub.  cent,  of  this  liquor  are  taken,  cor- 
responding to  10  cub.  cent,  of  urine ;  and  for  the  measuring  of  it 
a  small  pipette  is  used,  holding  exactly  this  volume,  when  filled  to 
the  line,  without  subdivision.  The  liquor  is  put  into  a  small  beaker- 
glass  (the  last  drop  adhering  to  the  pipette  not  blown  or  taken  off"), 
and  mixed  with  the  mercury-solution  whilst  it  is  continually  being 
stirred.  When  cloudiness  ensues,  the  quantity  of  test-liquor  used 
is  read  off  from  the  burette.  Every  cub.  cent,  used  corresponds  to 
10  milligrammes  of  chloride  of  sodium. 

By  this  method,  I  have  made  a  large  number  of  comparative  ex- 
periments, witli  a  solution  of  silver  also  graduated  for  10  milligrammes 
of  chloride  of  sodium  in  1  cub.  cent,  of  water;  and  the  following 
numbers  may  furnish  a  specimen  of  the  precision  of  the  first,  and  of 
its  close  approximation  to  the  ordinary  method : 


By  means  of  nitrate  of: 

silver. 

protoxide 
of  mercury. 

Milllgrms. 

Milligrms. 

1. 

10  cub. 

cent,  of  morning  urine  contained     . 

115-4 

115-0     ^ 

2. 

10     „ 

„       „        „             „     of  a  cliild 

110- 

no- 

3. 

10     „ 

„      of  urine  secreted  after  dinner 

1G4- 

164- 

4. 

10     „ 

„             „            „        before  dinner 

189- 

188-5 

5. 

10     „ 

11                  ;i                »t                >>              )>                  •             • 

74- 

74- 

6. 

10     „ 

)>                  >)                 »>                »              >>                   •             • 

142-8 

142- 

7. 

10     „ 

„            „           „        after  taking  tea    . 

127-5 

127-5 

8. 

10     „ 

„            „           „          „         ,,      beer . 

277 

27-7 

9. 

10     „ 

J  before   bed-time,    after 
"             "            "      L      taking  beer 

25- 

25- 

10. 

10     „ 

„      of  the  same  urine 

25- 

25- 

11. 

10     „ 

„      of  urine  (woman)  ..... 

no- 

no- 

12. 

10     „ 

„      of  the  same  urine 

no- 

no- 
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The  correctness  and  accordance  of  these  determinations  depends 
chiefly  upon  this  point,  that,  in  neutralizing  the  urine  mixed  with  the 
baryta  and  nitrate  of  baryta,  no  more  nitric  acid  is  added  than  is  just 
required  in  order  to  produce  a  feebly  acid  reaction.  For  this  reason 
it  is  preferable  to  acidulate  with  nitric  acid  the  whole  filtrate,  of 
which  a  small  portion  is  kept  back,  and  not  the  15  cub.  cent, 
measured  off  for  the  test ;  one  drop  too  much  is  of  no  consequence  in 
100  or  more  cub.  cent,  of  liquor,  whilst  if  added  to  the  small  portion 
for  the  test,  it  would  interfere  with  the  precision  of  the  experiment. 

In  determining  urea  in  urine,  the  amount  of  chloride  of  sodium 
in  it  causes  an  error,  which,  for  very  accurate  analyses,  is  obviated  by 
previously  removing  the  chlorine ;  and  in  this  case  the  determination 
of  the  chloride  of  sodium,  by  means  of  nitrate  of  mercury,  serves  to 
indicate  the  exact  amount  of  silver-solution  graduated  for  the  same 
quantity  of  chloride  of  sodium,  which  is  to  be  added  to  the  urine 
without  further  experimenting. 

DETERMINATION     OF     PROTOXIDE     OF     MERCURY     IN     A     SOLUTION     OF 
NITRATE    OF    MERCURY. 

On  mixing  solutions  of  nitrate  of  protoxide  of  mercury  and  phos- 
phate of  soda,  a  white  flocculent  precipitate  of  phosphate  of  prot- 
oxide of  mercury  is  immediately  formed,  which,  on  being  left  in  the 
liquor,  rapidly  becomes  crystalline. 

Solution  of  corrosive  sublimate,  however,  may  be  mixed  with  the 
alkaline  phosphate  without  producing  a  precipitate. 

On  adding  solution  of  chloride  of  sodium  to  the  mixture  of  the 
two  former  salts,  before  the  precipitate  becomes  crystalline,  the 
phosphate  of  protoxide  of  mercury  formed  immediately  decomposes 
with  the  chloride  of  sodium,  into  sublimate  and  phosphate  of  soda ; 
the  precipitate  foi'med  disappears,  and  the  liquor  becomes  clear  and 
bright. 

On  this  deportment  I  have  based  a  method  of  determining  the 
amount  of  protoxide  of  mercury  in  its  nitric  solution  with  tolerable 
precision.  1  equiv.  of  phosphate  of  protoxide  of  mercury  requires 
to  redissolve  it  1  equiv.  of  chloride  of  sodium ;  if,  therefore,  the 
amount  of  chloride  of  sodium  added  be  known,  the  amount  of 
mercury  in  the  mercurial  solution  is  also  known. 

Since  the  equivalent  of  chloride  of  sodium  is  almost  one  half  of 
that  of  protoxide  of  mercury,  this  method  is  not  so  precise  and 
accurate  as  the  determination  of  chloride  of  sodium  by  means  of 
the  mercury-salt ;  inasmuch  as  a  small  error  in  the  addition  of  the 
solution  of  chloride  of  sodium  causes  one  which  is  twice  as  great  in 
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the  calculation  of  the  mercury.     For  certain  purposes^  however,  espe- 
cially for  those  which  I  have  in  view,  this  method  is  sufficiently  exact. 

Preparation  of  the  normal  solution  of  Chloride  of  Sodium  to  be 
employed  for  determining  the  Mercury. — According  to  the  equi- 
valents of  chloride  of  sodium  and  of  the  protoxide  of  mercury,  108 
protoxide  of  mercury  correspond  to  58*6  chloride  of  sodium,  or  200 
of  oxide  correspond  to  108*52  of  the  salt. 

If,  therefore,  20  c.  c.  of  a  saturated  solution  of  chloride  of  sodium 
be  mixed  with  566"8  c.  c.  of  water,  we  have  586*8  c.  c.  of  a  dilute 
solution  of  chloride  of  sodium,  containing  in  the  whole  6368  milli- 
grammes of  chloride  of  sodium  (viz.  the  amount  contained  in  20  cub. 
cent,  of  the  saturated  solution) ;  in  10  cub.  cent,  there  are,  therefore, 
108*52  milligrammes  of  chloride  of  sodium,  corresponding  to  200 
milligrammes  of  protoxide  of  mercury  (1  cub.  cent,  of  solution  of 
chloride  of  sodium  =20  milligrammes  of  protoxide  of  mercury). 

In  order  to  determine  with  some  accuracy  the  amount  of  oxide  in 
a  solution  of  nitrate  of  protoxide  of  mercury  by  means  of  this  method, 
the  solution  should  not  be  too  concentrated,  partly  for  the  sake  of 
measuring  exactly,  and  partly  on  account  of  the  limits  of  the  reaction 
being  more  easily  perceived  in  dilute  liquors  than  in  concentrated 
ones ;  it  is  desirable  that  the  mercurial  solution  should  not  contain 
more  than  from  180  to  200  milligrammes  of  protoxide  of  mercury 
in  10  cub.  cent. 

In  order  to  determine  the  concentration,  the  following  preliminary 
experiment  is  made : — 10  cub.  cent,  of  the  solution  of  chloride  of 
sodium  are  mixed  with  4  cub.  cent,  of  a  cold  saturated  solution 
of  phosphate  of  soda  (the  officinal  salt),  and  to  this  mixture  the 
mercurial  solution  is  poured  from  a  bui'ette,  until,  on  shaking,  the 
precipitate  does  not  any  longer  disappear.  Suppose  2*4  cub.  cent, 
of  mercurial  solution  had  been  used,  they  would  then  contain  200 
milligrammes  of  oxide.  This  is  too  concentrated ;  1  cub.  cent,  of  it 
contains  upwards  of  80  milligrammes  of  oxide,  but  the  exact  deter- 
mination requires  that  1  cub.  cent,  should  not  contain  more  than 
20  milligrammes.  This  solution  should  therefore  be  diluted  with  3 
volumes  of  water  before  the  actual  experiment  is  made. 

Of  this  dilute  solution  of  mercury,  10  cub.  cent,  are  now  put 
into  a  beaker,  mixed  with  4  cub.  cent,  of  the  above-mentioned  solu- 
tion of  phosphate  of  soda,  and  the  graduated  solution  of  chloride 
of  sodium  added  from  the  burette  ;  the  solution  is  kept  in  con- 
stant motion,  and  the  test  added  very  slowly  towards  the  end,  until 
the  white  precipitate  formed  is  completely  redissolvcd. 

The  addition  of  the  solutions  of  phosphate  of  soda  and  of  chloride 
of  sodium  must  follow  in  rapid   succession  :   if  l)ut  a  few  minutes 
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elapse  between  the  two  additions^  the  phosphate  of  protoxide  of 
mercury  becomes  crystalUne,  and  does  no  longer  dissolve,  or  at  least 
with  difficulty.  Moreover,  the  solution  of  mercury  must  not  contain 
too  much  free  acid ;  it  contains  the  proper  amount,  if,  after  the 
addition  of  the  phosphate  of  soda,  the  mixture  does  not  exhibit 
an  acid  reaction.  If  it  has  an  acid  reaction,  it  must  previously 
be  mixed  with  a  few  drops  of  carbonate  of  soda,  until  a  basic  salt  is 
precipitated,  which  is  redissolved  by  means  of  one  or  two  drops  of 
nitric  acid. 

It  is  a  special  character  of  this  method  that  its  errors  depend 
chiefly  on  the  circumstance  of  one  or  more  drops  of  solution  of 
chloride  of  sodium  being  added  in  excess,  in  order  to  redissolve  the 
precipitate.  The  more  chloi-ide  of  sodium  is  used  for  a  given 
volume  of  the  solution  of  mercury  to  effect  this  end,  the  more  oxide 
is  supposed  to  be  in  this  volume;  the  error  in  question  increases, 
therefore,  the  amount  of  mercury  found  beyond  the  real  amount. 
Since  the  phosphate  of  mercury  is  slightly  soluble  in  the  liquor, 
and  since,  finally,  the  solution  of  chloride  of  sodium  is  graduated  with 
regard  to  this  error,  this  discrepancy  is  generally  vei-y  slight.  If  the 
method  be  reversed  (viz.,  if  the  solution  of  mercury  be  poured  into 
a  mixture  of  the  solutions  of  chloride  of  sodium  and  phosphate  of 
soda)  a  slight  excess  of  solution  of  mercury  is  always  added,  to  make 
the  precipitate  appear,  because  it  does  not  become  permanent  ur^til 
the  liquor  is  saturated  with  it.  According  to  this  mode  of  pro- 
ceeding, therefore,  the  amount  of  mercury  obtained  is  too  low. 

The  determinations  become  still  more  exact,  if  both  methods  are 
combined  in  the  following  manner  : 

(Method  I). — 10  cub.  cent,  of  the  solution  of  mercury  are  poured 
into  a  beaker,  3  to  4  cub.  cent,  of  a  solution  of  phosphate  of  soda 
added,  and  then  immediately,  without  waiting  till  the  precipitate 
has  become  crystalline,  the  solution  of  chloride  of  sodium  is  added 
from  the  burette,  until  the  precipitate  has  disappeared.  Suppose 
12*5  cub.  cent,  of  solution  of  chloride  of  sodium  had  been  used  for  this 
purpose,  13*5  cub.  cent,  of  the  same  solution  are  then  measured  off. 

(Method  II). — 3  to  4  cub.  cent,  of  phosphate  of  soda  added,  and 
the  same  solution  of  mercuiy  poured  into  this  mixture  from  the 
burette,  until  a  precipitate  appears.  Suppose  10'25  cub.  cent,  of 
the  solution  of  mercury  have  been  used  for  this  purpose,  then  the  true 
amount  is  as  follows  : 

There  have  been  used  for : 

I.  10        c.  c.  of  solution  of  mercury,  12-5  c.  c.  of  solution  of  chloride  of  sodium. 

II.  10-25  c.  c.  „  „  12-5  c.  c. 

20-25  250 
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Now,  since  every  cub.  cent,  of  solution  of  chloride  of  sodium 
corresponds  to  20  milligrammes  of  protoxide  of  mercury,  the  25  cub. 
cent,  used  indicate  20  x  25  =  500  milligrammes  of  protoxide  of  mer- 
cury which  are  contained  in  20*25  cub.  cent,  of  the  solution  of  mer- 
cury. 

The  following  experiments  may  serve  as  a  critical  illustration  of 
this  method  : 

a.  7-4:80  grms.  of  pure  mercury,  and  24  grms.  of  nitric  acid 
of  1*402  spec,  grav.,  were  put  into  a  beaker,  and  evaporated  in  a 
water-bath  to  the  consistence  of  a  syrup,  then  mixed  with  water  so 
as  to  bring  the  volume  of  the  liquor  to  400  cub.  cent.  10  cub. 
cent,  of  this  solution  contained,  therefore,  187  milligrammes  of 
mercury. 

When  tested  according  to  method  I.  it  was  found  to  contain  190-8  milligrms, 
And  according  to  metliod  II.  .....    184-8         „ 

Mean 187-8         ,,  of  mercury. 

b.  6 '993  of  mercury  dissolved  in  nitric  acid  in  the  same  manner, 
and  diluted  to  400  cub.  cent;  10  cub.  cent,  contained  174'8  milli- 
a;rammes  of  mercury : 


& 


Found  according  to  the  method  I.    -177  milligrammes 

J)  jj  1,  ))  11.      .      l/.-v'-ij  ,, 


Mean  174-7         „  of  mercury. 

c.  8"321  of  mercury  dissolved  in  the  same  manner,  and  diluted 
to  500  cub.  cent. ;  10  cub.  cent,  contained  166*4  milligrammes  of 
mercury  : 

Found  by  the  method  I.     .     .  170-2  milligrammes 
„      II.     .     .  163-4 


Mean        1668  „  of  mercury. 

d.  From  10  cub.  cent,  of  a  solution  of  an  unknown  amount  of 
oxide  there  was  obtained  by  precipitation  with  potassa,  1*436  grms. 
of  protoxide  of  mercury,  and  by  the  test-liquors  in  the  mean,  1-446 

e.  31-669  of  mercury  dissolved  in  nitric  acid  in  the  manner 
described  above,  and  diluted  with  443  cub.  cent,  of  water  ;  10  cub. 
cent,  contained  772  milligrammes  of  oxide.  1  volume  of  this  solu- 
tion was  mixed  with  3  volumes  of  water ;  10  cub.  cent,  of  this  dilute 
liquor  contained   193  milligrammes  of  oxide. 

VOL.    VI. NO.    XXI.  c 
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Found  by  the  method  I.     .     .   192'5  milligrammes 
,,  ,,  ,,  11.    .      .    loo*  ,, 


Mean         187-9  „  of  oxide. 

Instead  of  phosphate  of  soda,  pyrophosphate  of  soda,  neutral 
chromate  of  potassa,  and  other  salts  which  do  not  precipitate 
corrosive  sublimate,  may  be  used. 

As  a  matter  of  course,  this  method  is  only  applicable  to  nitric 
solutions  of  mercury,  containing  no  metals  that  are  precipitated  by 
alkaline  phosphates  from  their  hydrochloric  solution.  A  separation 
of  the  mercury  from  many  other  metals,  may,  howevei',  be  pretty 
readily  effected  by  precipitating  the  solution  of  the  mixed  metals 
with  phosphate  of  soda,  then  adding  a  solution  of  chloride  of  sodium 
in  excess,  and  filtering ;  the  mercury  is  dissolved  under  these  circum- 
stances, whilst  the  other  metals  remain  undissolved  in  form  of  phos- 
phates. 

METHOD  FOR  THE  DETERMINATION  OF  UREA  IN  URINE. 

The  methods  just  described  for  the  determination  of  chloride  of 
sodium  and  of  mercury  are  mainly  calculated  for  the  determination 
of  chloride  of  sodium  and  urea  in  urine,  and  are,  perhaps,  of  parti- 
cular value  for  this  purpose  only, 

I  will  now  proceed  to  describe  a  new  method  of  determining  urea 
in  urine,  w^hich  equals  those  now  in  use,  in  point  of  accuracy,  but 
has  this  advantage,  that  it  far  excels  them  as  regards  rapidity  of 
execution,  and  that  its  application  does  not  require  any  particular 
skill,  so  that  it  is  particularly  applicable,  as  I  think,  for  medical 
purposes,  as  a  means  of  assisting  the  diagnosis  of  certain  states  of 
disease. 

This  method  is  based  on  the  fact  that  urea  is  precipitated  by 
nitnite  of  protoxide  of  mercury. 

On  gradually  adding  to  a  dilute  solution  of  urea  an  equally 
dilute  solution  of  nitrate  of  protoxide  of  mercurj^,  and  neutralizing  the 
free  acid  of  the  mixture  from  time  to  time  by  baryta-water  or  dilute 
carbonate  of  soda,  a  flocculent,  snow-white  precipitate  is  obtained, 
which  is  insoluble  in  water.  If  the  addition  of  the  salt  of  mer- 
cury and  of  carbonate  of  soda,  be  continued  alternately,  as  long  as 
this  precipitate  is  formed,  a  point  is  arrived  at,  when  by  the  addition 
of  the  carbonate  of  soda,  the  mixture,  or  the  spot  with  which  the  drop 
comes  in  contact,  assumes  a  yellow  colour  of  hydrated  oxide  of  mer- 
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cury,  or  basic  nitrate  of  protoxide  of  mercury.  When  filtered  at  this 
point,  the  liquor  no  longer  contains  any  appreciable  quantity  of  urea ; 
all  the  urea  is  precipitated.  I  have  subjected  to  analysis  this  precipitate, 
which  differs  by  its  amorphous  condition  from  the  above-described 
compounds  of  urea  and  nitrate  of  protoxide  of  mercury,  and  I  found 
it  in  every  instance  to  contain  4  equivs.  of  protoxide  of  mercury  for 
1  equiv.  of  urea.  By  mixing  a  solution  of  urea  with  a  solution  of  mer- 
cury, both  of  known  strength^  it  can  easily  be  demonstrated,  that  a 
precipitation  of  yellow  oxide  by  the  addition  of  carbonate  of  soda  to 
the  mixture,  is  not  produced  until  a  volume  of  the  nitric  solution  of 
mercury  is  added,  which  contains  TH  parts  of  protoxide  of  mercury, 
for  10  parts  of  urea  in  the  solution  of  urea ;  this,  however,  amounts 
to  4  equivs.  of  protoxide  of  mercury  to  1  equiv.  of  urea. 

On  adding  nitrate  of  protoxide  of  mercury  to  a  solution  of  urea 
as  long  as  a  precipitate  is  formed,  the  mixture  remains  white  on 
addition  of  carbonate  of  soda  ;  if,  however,  the  original  mixture  be 
left  quietly  for  some  hours,  the  appearance  of  the  precipitate  is 
changed  ;  it  becomes  crystalline ;  the  six-sided  tablets  of  the  com- 
pound with  3  equivs.  of  protoxide  of  mercury  are  easily  recognised  in 
it,  and  the  clear  liquid,  standing  above  the  crystals,  which  was  pre- 
viously precipitated  white,  produces  now  a  yellow  px'ecipitate  with 
alkalies.  The  compound  with  4  atoms  of  protoxide  of  mercury,  is 
reduced  in  the  acid  liquor  into  a  compound  containing  less  oxide — 
that  is  to  say,  part  of  the  oxide  is  redissolved. 

In  order  to  ascertain  whether  the  exact  quantity  of  the  salt  of 
mercury  has  been  added,  necessary  for  the  formation  of  the  urea- 
compound  with  4  atoms  of  protoxide  of  mercury,  it  is  requisite  to 
neutralize  the  liquor  with  carbonate  of  soda,  after  the  mercurial 
solution  has  been  added.  If  the  mixture — for  instance,  a  drop  of 
it  on  a  w^atch-glass,  mixed  with  a  drop  of  solution  of  carbonate  of 
soda — remain  white,  it  may  be  assumed  with  certainty  that  free  urea 
is  still  present  in  the  liquor ;  only  when  on  mixing  the  two  drops, 
a  yellow  skin  ajipears  on  the  surface,  the  limit  is  attained,  or 
rather  a  little  exceeded;  but  a  very  slight  excess  of  the  mercurial 
solution  is  required  to  indicate  that  the  requisite  quantity  for 
the  precipitation  of  the  urea  has  been  added.  From  this  it  is  evident 
that  if  the  amount  of  mercury  in  the  solution  be  known,  the  quan- 
tity of  urea  in  a  liquid  containing  it  may  be  estimated  by  the  amount 
of  solution  used,  in  the  describ(;d  manner,  for  the  precipitation  of 
the  urea.  Or  if  for  the  precipitation  of  a  known  quantity  of  urea — say 
100  milligrammes — a  certain  volume  of  solution  of  mercury  be 
necessary,  an  equal  volume  of  it  will  indicate  the  same   amount  of 

c  2 
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urea  in  a  liquor,  the  amount  of  urea  in  whicli  is  unknown.  From 
the  volume  of  this  solution,  used  for  the  precipitation,  the  quantity 
of  urea  present  may  be  calculated  ;  the  consumption  of  half  the 
volume  indicates  half  as  much  ;  that  of  double  the  quantity,  twice 
as  much  urea  in  the  liquor. 

On  this  point  also  my  experiments  have  yielded  perfectly  con- 
cordant results,  as  the  following  numbers  will  show'. 

The  first  series  indicates  the  amovmt  of  urea  obtained  from  10  cub. 
cent,  of  the  solution  by  simple  evaporation.  The  second  series  ex- 
hibits the  amount  of  urea  in  the  same  volume  of  the  same  solution,  as 
found  by  the  determination  with  the  graduated  solution  of  nitrate  of 
protoxide  of  mercury. 

For  10  cub.  cent,  of  solution  of  urea  were  obtained : 


II. 

III. 

IV. 

V. 

412- 

117- 

98 

512       milligrms. 

412- 

116-8 

98 

512-75       „ 

I.  Urea  by  evaporation 371-5 

II.       „    by  nitrate  of  mercury     .     .     .     372-5 

The  methods  for  the  determination  of  urea,  up  to  the  present  time 
acknowledged  as  the  best,  are  those  of  Ragski  and  Bunsen  ;  both 
are  based  upon  the  same  principle — viz.,  upon  the  transformation  of 
the  urea  into  carbonate  of  ammonia.  Ragski  determines  the 
ammonia  in  the  form  of  ammonio-chloride  of  platinum;  Bunsen 
determines  the  carbonic  acid  in  form  of  carbonate  of  baryta.  Both 
methods  give  very  trustworthy  results,  if  in  Ragski's  method  the 
potassio-chloride  of  platinum,  precipitated  simultaneously,  be  taken 
into  account. 

The  following  series  of  experiments,  in  which  the  amount  of  urea  in 
urine  of  man  was  determined  according  to  Ragski's  method,  and  by 
means  of  nitrate  of  protoxide  of  mercury,  may  prove  that  the  latter 
method  is  not  inferior  to  the  former. 

20  cub.  cent,  of  urine  of  different  individuals  contained  of  urea  : 

Determined  by  means  of  i.         ii.        iii.       iv.^ 

nitrate  of  mercury  ....  450  360  450  508  milligrms. 
Deternyned  by  Ragski's  method    446     350     457     508         „ 

I  have  found  on  precipitating  urine  with  a  mixture  of  nitrate  of 
baryta  and  baryta-water,  filtering  off  the  phosphate  and  sulphate  of 
baryta,  evaporating  the  liquid,  extracting  the  residue  with  alcohol, 
evaporating  the  alcoholic  extract  to  dryness,  and  again  exhausting  it 
with  absolute  alcohol,  that  this  alcoholic  solution  contains  tolerably 

*  These  determinations  have  been  made  by  ray  assistant,  Dr.  Mayer. 
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pure  urea,  crystallizing  from  it  in  colourless  needles.  This  method 
may  be  used  to  prepare  urea  directly  from  the  urine  without  preci- 
pitating with  nitric  acid  ;  and  this  mode  of  proceeding  may  even 
be  used  for  the  quantitative  determination,  as  the  following 
experiments  will  show,  for  which  the  same  urine  was  used  as  in  the 
above  determinations  of  urea. 

In  20  c.  c.  of  urine.      In  10  c.  c.  of  urine.* 


I.  II.  III.  IV.  V.  VI.         VII. 

Urea  by  alcohol 428      326      439      503      223      219     198-5  railligrms. 

„    by  nitrate  of  protoxide 
of  mercury 450      360      450      508      225      220     200  ,, 

The  solubility  of  chloride  of  sodium  in  alcohol  is,  however,  some- 
what increased  by  urea.  According  to  an  experiment  made  on 
this  point,  alcohol  dissolved  from  a  mixture  of  chloride  of  sodium  and 
urea  1'0085  grms.  consisting  of  0'9785  urea,  and  0'030  chloride 
of  sodium.  100  parts  of  the  dissolved  substance  contained  accordingly 
2'97  of  chloride  of  sodium,  and  9*703  of  urea. 

Finally  I  determined  the  urea  by  means  of  nitrate  of  protoxide  of 
mercury  in  the  urine  of  different  persons,  and  then,  in  order  to  test 
the  influence  of  the  other  constituents  of  urine,  I  mixed  the  same 
urine  With  weighed  quantities  of  pure  urea,  and  determined  the  latter 
again  :  the  following  results  will  show  that  these  other  constituents 
exert  no  influence  in  the  determination. 

10  cub.  cent,  of  urine  contained  : 

I.  II.  III. 

Urea 2721  „..„     2121, .^     1701, ,,,      .„.  . 

...        , ,.  TAA  ^372     „rA  MG2       '     ^195  milhffnns.  of  urea. 

After  adding 100  J  250  J  25  J  ° 

The  second  determination  gave  373  464  196  „  „      „ 

In  all  the  experiments  with  the  test-liquor,  the  urine  was  pre- 
viously precipitated  with  a  mixture  of  baryta-water  and  nitrate  of 
baryta,  an  operation  which  was  omitted  in  the  application  of  Ragski's 
method. 

Preparation  of  the  solution  of  Mercury,  which  serves  for  the 
precipitation  of  Urea  in  Urine.  —  4  grms.  of  pure  urea  are  first 
dissolved  in  water,  and  diluted  with  water  until  the  volume  of  the 
solution  amounts  to  exactly  200  cub.  cent,  (by  dissolving  4  grms. 
of  urea  in  200  cub.  cent,  of  water,  201*75  cub.  cent,  of  liquor  would 
be  obtained,  an  excess  of  1"75  cub.  cent.) 

20  cub.  cent,  of  the  solution  of  nitrate  of  protoxide  of  mercury,  to 
be  used  for  the  determination  of  urea  in  urine,  should  exactly  sufiiceto 
indicate   with   precision   the  urea  in  10  cub.  cent,  of  the  solution  of 

*  Tlicsc  dctciiiiinalioiis  were  made  by  my  assistant,  Dr.  Mayer. 
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uiea  just  described,  containing  200  milligrammes  of  urea  :  1  cub. 
cent,  of  it  should  coiTCspond  to  10  milligrammes  of  urea.  For  this 
purpose  the  solution  of  mercury  should  contain  a  quantity  of  oxide 
sufficient  to  form  with  100  milligrammes  of  urea,  the  nitrate  with 
4  equivs.  of  pi'otoxide  of  mercury,  besides  a  small  excess  of  protoxide 
of  mercury,  for  the  purpose  of  indicating  the  complete  precipitation 
of  the  urea ;  so  that,  on  adding  the  last  drop  of  the  10  cub.  cent,  of 
solution  of  mercury  to  the  solution  of  urea,  a  distinct  yellow  colour  is 
perceptible,  when  a  few  drops  of  the  mixture  are  mixed  with  solution 
of  carbonate  of  soda. 

I  have  found  by  a  series  of  experiments  that  for  1 00  milligrammes 
of  urea,  which  require,  according  to  calculation,  720  milligrammes  of 
protoxide  of  mercury  (in  the  form  of  nitrate),  10  cub.  cent,  of  the 
solution  of  mercury  should  contain  772  milligrammes  of  protoxide  of 
mercury,  in  order  to  produce  a  distinct  reaction  of  protoxide  of  mer- 
cury in  dilute  liquids.  Every  cub.  cent,  of  the  liquor  should, 
therefore,  contain  an  excess  of  5*2  milligrammes  of  protoxide  of  mer- 
cury. The  test-liquor  is  best  obtained  by  dissolving  pure  metallic 
mercury  in  pure  nitric  acid  in  a  beaker ;  keeping  the  mixture  heated, 
with  frequent  addition  of  some  nitric  acid,  until  no  longer  any  trace 
of  nitrous  vapours  escape ;  then  evaporating  to  the  consistence  of  a 
syrup  in  the  same  vessel,  or  a  water-bath,  and  lastly  diluting  with 
water,"  until  100  cub.  cent,  of  the  dilute  liquor  contain  exactly 
7*140  grms.  of  mercury.  This  is  the  case  when  for  100  grms.  of 
-mercury  (converted  into  nitrate  of  the  protoxide),  as  much  water  is 
added  as  will  bring  the  volume  of  the  liquor  to  1400  cub.  cent. 

When  for  the  preparation  of  the  nitrate  of  the  protoxide,  crystal- 
lized nitrate  of  suboxide  of  mercury  is  used,  which  may  with  greater 
facility  be  obtained  in  a  state  of  purity  and  free  from  other  metals 
than  metallic  mercuiy,  and  a  concentrated  solution  of  the  salt  of  the 
protoxide  of  unknown  strength  is  thus  produced,  the  amount  con- 
tained in  it  has  to  be  determined,  and  the  solution  reduced  by  water 
to  the  proper  degree.  This  is  done  by  means  of  the  method  de- 
scribed, p.  14.  Or  a  known  volume  of  the  concentrated  solution  is 
diluted  with  10  times  its  bulk  of  water,  and  the  amount  of  protoxide 
of  mercury  determined  in  10  cub.  cent,  of  it,  by  precipitation  with 
potassa,  or  in  the  form  of  sulphide  of  mercury,  by  mixing  the  solution 
with  a  solution  of  sulphate  of  soda,  and  passing  sulphuretted  hy- 
drogen through  it,  till  the  precipitated  basic  sulphate  of  protoxide 
of  mercury  is  decomposed. 

Previous  to  its  application  for  determining  the  urea  in  urine,  the 
dilute  solution  of  mercury  must  be  tested  as  to  its    correctness   by 
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means  of  a  solution  of  pure  urea ;  for  this  purpose  we  may  use  the 
solution  of  urea,  mentioned  above,  containing  in  10  cub.  cent.  200 
milligrammes  of  urea. 

It  is  advisable,  in  diluting  the  concentrated  solution  of  mercury 
not  to  reduce  it,  by  the  addition  of  water,  at  once  to  the  calculated 
degree ;  but  to  add  rather  less  water  at  first,  tlien  test  it  with  the 
solution  of  urea,  and  complete  the  process. 

The  best  mode  of  proceeding  is,  to  dilute  10  cub.  cent,  of  the  con- 
centrated solution  of  mercury  with  5  or  10  times  its  volume  of 
water,  according  to  concentration,  and  to  determine  approximately 
the  amount  of  protoxide  in  10  cub.  cent,  of  this  dilute  solution,  by 
means  of  phosphate  of  soda  and  the  graduated  solution  of  chloride  of 
sodium. 

Suppose,  for  10  cub.  cent,  of  the  five  times  diluted  solution  of 
mercury,  18"5  cub.  cent,  of  solution  of  chloride  of  sodium  have 
been  used ;  the  amount  of  water  to  be  added  may  then  easily  be 
calculated. 

For  10  cub.  cent,  of  the  concentrated  solution  should  be  used 
38*5  cub.  cent,  of  solution  of  chloride  of  sodium  (corresponding  to 
772  milligrammes  of  protoxide  of  mercury) ;  there  have  been  actually 
used  5  X  18'5  =  92'5  cub.  cent,  of  the  solution  of  chloride  of  sodium. 
If  then  92"5  cub.  cent,  solution  of  chloride  of  sodium  be  used  for  10 
cub.  cent,  of  the  concentrated  solution  of  mercury,  then  exactly  4"16 
cub.  cent,  of  it  are  necessary  for  38*5  of  solution  of  chloride  of 
sodium.  If,  therefore,  416  vols,  of  the  concentrated  solution  of 
mercury  be  mixed  with  584  vols,  of  water,  1000  vols,  of  a  dilute 
solution  are  obtained,  10  cub.  cent,  of  which  correspond  exactly  to 
38-5  cub.  cent,  of  solution  of  chloride  of  sodium. 

It  is,  as  before  stated,  advisable,  not  to  add  the  calcu.lated  quantity 
at  once,  but  rather  less.  10  cub.  cent,  of  the  normal  solution  of 
urea  are  now  measured  off,  and  then  from  a  burette  the  approxima- 
tivcly  diluted  solution  is  added,  until  a  few  drops  on  a  watch-glass 
produce  a  distinct  yellow  colour  with  carbonate  of  soda.  Suppose 
19*25  cub.  cent,  of  the  solution  of  mercury  were  used  for  this  purpose  ; 
then  for  192*5  cub.  cent,  of  the  solution,  7*5  cub.  cent,  of  water  have 
to  be  added,  and  with  this  solution  another  trial  experiment  is  made. 
When,  after  the  addition  of  20  cub.  cent,  the  appearance  of  the  yellow 
colour  is  distinct,  the  solution  of  mercury  may  then  be  used  for  deter- 
mining the  urea  in  urine. 

Every  possible  care  must  be  bestowed  on  the  correctness  of  the 
test-liquor,  inasmuch  as  it  replaces  a  balance  with  which,  when 
defective,  the  weighini^s  made  are  the   more  incorrect,  the  smaller 
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the  differences  in  the  weights  which  have  to  be  determined.  In  the 
case  of  an  incorrect  balance,  the  error  may  be  met  at  each  weighing ; 
accurate  weighings  may  be  made  with  it ;  but  in  the  case  of  a  graduated 
liquid,  the  corrections  must  be  made  before  it  is  used.  The  volume 
of  the  liquor  does  not  add  to  the  trouble,  and  it  is  therefore  advisable 
to  prepare  as  large  quantities  as  possible  at  one  time. 

The  slight  excess  of  the  protoxide  of  mercury  in  the  test-liquor  is 
like  the  index  of  the  balance ;  the  yellow  colour  is  its  deflection,  the 
amount  of  which  must  be  carefully  noted. 

The  test-liquor  is  graduated  with  a  solution  of  urea  containing 
2  per  cent  of  this  substance;  15  cub.  cent,  of  this  solution  of  urea 
require  for  the  precipitation  of  the  urea,  and  for  indicating  its  termi- 
nation, 30  cub.  cent,  of  solution  of  mercury  ;  45  cub.  cent,  mixture 
are  obtained,  containing  in  the  whole  30  x  5*2  =  156  milligrammes  of 
free  protoxide  of  mercury  ;  every  cub.  cent,  contains  therefore  3'47 
milligrammes  of  protoxide  of  mercury. 

If  the  15  cub.  cent,  of  solution  of  ui'ea  contain  4  per  cent  of  urea, 
and  to  15  cub.  cent,  of  it  60  cub.  cent,  of  solution  of  mercury  be 
added,  a  mixture  of  75  cub.  cent,  is  obtained,  containing  312  milli- 
grammes of  protoxide  of  mercury;  in  every  cub.  cent.  4"  16  milli- 
grammes ;  there  is,  therefore,  an  excess  of  0'69  milligramme  of 
protoxide  of  mercury  required  to  produce  the  original  colour. 

Careful  experiments  have  proved  that,  in  analyses  of  urine,  when 
the  amount  of  urea  is  increasing,  an  error  is  committed,  tending  to 
diminish  the  amount  of  urea ;  in  the  case  just  mentioned,  only 
59'37  cub.  cent,  instead  of  60  cub.  cent,  of  solution  of  mercury 
\vould  be  added  to  make  the  original  colouring  appear.  In  order  to 
remove  this  error,  an  addition  has  to  be  made — for  15  cub.  cent,  of 
urine,  and  before  the  test  is  applied — of  ^  cub.  cent,  of  water  for 
every  cub.  cent,  of  solution  of  mercury  which  has  been  used  over  and 
above  30  cub.  cent. ;  if,  for  instance  20  cub.  cent,  more  than  the 
30  cub.  cent,  be  required,  we  have  to  add  10  cub.  cent,  of  water.  It 
will  always  be  found  that,  after  the  addition  of  the  water,  a  few 
drops  of  the  solution  of  mercury  have  to  be  added  in  order  to 
produce  the  proper  indication. 

For  the  same  reasons,  when  the  quantity  of  urea  in  urine  amounts 
to  1  per  cent  only,  15'3  cub.  cent,  and  not  15  cub.  cent,  of  the 
solution  of  mercury  must  be  added  to  15  cub.  cent,  of  urine, 
in  order  to  obtain  the  test;  to  remove  this  error,  which  increases 
the  amount  of  urea,  a  deduction  has  to  be  made,  in  the  more  dilute 
urines,  of  O'l  cub.  cent,  for  every  5  cub.  cent,  of  solution  of  mercury, 
used  less  than  30  cub.  cent.     If,  therefore,  25  cub.  cent,  of  solution 
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of  mercury  have  been  used  for  15  cub.  cent,  of  urine^  the  amount, 
249  milligrammes,  is  expressed  by  21"9  cub.  cent,  of  solution  of 
mercury,  &c. 

For  the  purpose  of  determining  the  urea  in  urine,  a  mixture  of 
.2  vols,  of  baryta- water  and  1  vol.  of  solution  of  nitrate  of  baryta,, 
both  saturated  whilst  cold,  is  first  prepared,  and  1  vol.  of  this 
alkaline  liquor  mixed  with  2  vols,  of  in'ine.  Here  a  small  glass  cylinder 
of  optional  capacity  is  conveniently  used,  which  is  first  twice  filled 
with  urine  to  overflowing.  The  aperture  of  the  cylinder  is  each  time 
covered  with  a  glass  plate,  causing  the  excess  to  flow  off;  the  same 
cylinder  is  then  filled  once  with  the  solution  of  baryta,  and  this 
added  to  the  urine  in  a  beaker.  On  mixing  both  liquors,  a  preci- 
pitate is  formed,  which  is  filtered  off.  15  cub.  cent,  of  the  filtered 
liquor  are  measured  off  for  each  analysis,  corresponding  to  10  cub. 
cent,  of  urine. 

To  this  volume  of  urine,  without  previously  neutralizing,  the 
graduated  solution  of  the  nitrate  of  protoxide  of  mercury  is  added  from 
a  burette,  the  liquor  being  constantly  stirred,  and  the  test  applied 
when  no  further  precipitate  is  observed,  viz.,  no  further  thickening 
of  the  liquor.  To  this  end,  a  few  drops  of  the  liquor  with  the  pre- 
cipitate are  put  into  a  watch-glass,  and  then  a  few  drops  of  solution 
of  carbonate  of  soda  added,  proceeding  from  the  rim  of  the  watch- 
glass  ;  this  is  best  done  by  means  of  a  pipette  of  Indian-rubber.*  If, 
after  some  minutes,  the  mixture  retain  its  white  colour,  a  further 
quantity  of  solution  of  mercury  is  to  be  added  ;  and  this  process  is 
continued  till  a  fresh  sample  from  the  glass  exhibits  plainly  the  yellow 
colour  after  the  addition  of  carbonate  of  soda. 

The  number  of -cub.  cent,  is  then  read  off,  and  the  figure  obtained 
corrected,  as  described  above,  according  to  the  contents  of  the 
urine. 

Method  of  determining  Urea  in  Urine  containing  Chloride  of 
Sodium. — A  series  of  experiments  have  proved  that  the  amount  of 
chloride  of  sodium  in  urine,  when  it  reaches  1  to  14  per  cent,  ex- 
ercises an  influence  on  the  determination  of  urea  by  means  of  nitrate 
of  protoxide  of  mercury.  When  20  cub.  cent,  of  the  graduated  solu- 
tion of  mercury  are  added  to  10  cub.  cent,  of  the  solution  of  pure 
urea,  carbonate  of  soda  produces  in  this  mixture  a  distinct  yellow 
colour  of  precipitated  protoxide  of  mercury;  if  now  100  to  200 
milligrammes  of  chloride  of  sodium  be  added  to  the  mixture,  and 
the  test  again  applied,  the  yellow  colour  docs  not  make  its  appearance 

*  See  Mohi's  Lclubucli  d.  riiaiui.  Tech.  2  cci.  1853,  p.  397. 
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on  the  addition  of  carbonate  of  soda ;  and  in  oi'der  to  reproduce  it, 
1|  to  2^  cub.  cent,  of  the  sohition  of  mercury  have  to  be  added. 
The  determination  shows,  therefore,  15  to  25  milligrammes  of  urea 
too  much. 

Just  the  same  occurs  with  urine.  Of  the  many  experiments 
which  I  have  made  on  this  point,  I  select  the  following,  in  order  to 
show  plainly  this  influence  :  In  one  portion  of  urine  the  amount  of 
chloride  of  sodium  was  first  determined;  then,  in  an  equal  quantity, 
the  urea  by  means  of  nitrate  of  protoxide  of  mercury.  This  deter- 
mination was  repeated  with  an  equal  volume  of  urine,  after  the 
chlorine  had  been  removed  by  nitrate  of  silver;  finally,  the  urea  was 
determined  according  to  Ragski's  method  in  the  same  quantity  of 
urine. 

10  cub.  cent,  of  urine  contained  milligrammes  of  urea  : 


Chloride  of 
sodium. 

Before  removing 
the  chlorine. 

After  removing 
the  chlorine. 

According  to 
Kagski's  method. 

I.   . 

.     145 

245 

225 

223 

II.   . 

.     155 

210 

180 

175 

III.   . 

.     135 

245 

225 

225-5 

In  Experiment  I.  the  test  indicated,  before  the  chlorine  was  re- 
moved, 20 ;  in  11.  30 ;  in  III.  20  milligrammes  of  urea  more  than 
was  actually  contained  in  it.  When  the  quantity  of  chloride  of 
sodium  amounts  to  more  than  2  per  cent.,  this  error  does  not 
proportionally  increase,  but  remains  constant  within  certain  limits. 

It  has  been  seen  from  the  method  of  determining  chloride  of 
sodium  by  means  of  nitrate  of  protoxide  of  mercury,  that  a  solution 
of  urea  containing  chloride  of  sodium  is  not  precipitated  by  nitrate 
of  protoxide  of  mercury,  until  the  chloride  of  sodium  is  completely 
transformed  into  corrosive  sublimate.  In  a  solution  of  200  milli- 
grammes of  urea,  and  10  milligrammes  of  chloride  of  sodium  in  10 
cub.  cent,  of  water,  to  which  have  been  added  20  cub.  cent,  of  the 
solution  of  mercury,  the  excess  of  the  salt  of  mercury  (w^hich  would 
have  produced  the  yellow  colour  on  addition  of  carbonate  of  soda) 
is  not  contained  in  form  of  nitrate,  but  of  corrosive  sublimate,  and 
it  is  evident  that  the  change  in  the  indication  is  effected  by  the 
formation  and  presence  of  the  corrosive  sublimate.  Instead  of  3*46 
milligrammes  of  protoxide  of  mercury  in  the  form  of  nitrate,  the 
mixture  contains  the  same  amount  of  oxide  in  the  form  of  corrosive 
sublimate. 

On  diluting  a  solution  of  corrosive  sublimate  with  water,  until  it 
yields  with  carbonate  of  soda  a  distinct  brownish-yellow  precipitate  of 
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oxychloricle  of  mercury,  then  mixing  the  same  solution  of  sublimate 
with  a  drop  of  nitric  acid,  and  adding  it  to  the  carbonate  of  soda,  the 
mixture  of  both  remains  clear ;  no  precipitate  is  formed,  or  at  most 
only  a  slight  vvhitisli  cloudiness,  from  which,  after  long  standing, 
single  brownish-yellow  tablets  are  deposited.  In  this  condition,  how- 
ever, the  excess  of  corrosive  sublimate  is  contained  in  the  mixture  of 
the  solutions  of  urea  and  of  mercury ;  it  contains  the  greater  portion 
of  the  nitric  acid  of  the  latter  in  an  uncombined  state. 

By  this  nitric  acid,  part  of  the  carbonate  of  soda  is  converted  into 
bicarbonate,  which  does  not  precipitate  corrosive  sublimate.  When 
the  mixture  contains  a  larger  amount  of  corrosive  sublimate,  in  con- 
sequence of  a  larger  amount  of  chloride  of  sodium  in  urine,  the 
liberated  carbonic  acid  is  not  sufficient  to  prevent  the  precipitation 
of  all  the  protoxide  of  mercury ;  a  brownish-yellow  precipitate  is 
now  formed.  This  appears  to  me  to  be  the  cause  why  the  indication 
of  the  complete  precipitation  of  the  urea  is  deferred,  by  the  presence 
of  a  certain  quantity  of  chloride  of  sodium,  and  why  the  limit  of  the 
reaction  is  not  still  further  removed,  when  the  amount  of  chloride 
of  sodium  is  increased. 

With  urine  containing  1  to  1^  per  cent  of  chloride  of  sodium, 
the  correct  number  of  milligrammes  of  urea  in  10  cub.  cent,  of  urine 
may  be  obtained  at  once  by  subtracting  2  cub.  cent,  from  the  number 
of  cub.  cent,  used  for  the  solution  of  mercury  ;  and  even  when  the 
amount  of  chloride  of  sodium  in  the  urine  of  different  individuals 
varies  within  certain  limits,  the  differences  obtained  in  the  amount  of 
urea  are  still  correct,  and  comparable  with  each  other ;  only  in  the 
absolute  quantity  there  is  an  error  which,  uncorrected,  amounts  to  15 
to  20  milligrammes  for  10  cub.  cent,  of  urine. 

In  determinations  in  which  the  absolute  quantity  of  urea  in  urine 
is  of  importance,  the  chlorine  in  the  urine  must  be  removed,  and  the 
chloride  of  sodium  converted  into  the  nitrate ;  this  is  done  by  means 
of  nitrate  of  silver.  For  this  purpose  a  solution  of  silver  is  prepared 
from  11 '601  grms.  of  fused  nitrate  of  silver,  which  are  dissolved 
in  water  and  diluted  until  the  volume  of  the  solution  amounts  to 
400  cub.  cent.  1  cub.  cent,  contains  29"01  milligrammes  of  nitrate 
of  silver  corresponding  to  10  milligrammes  of  chloride  of  sodium. 

The  solution  of  mercury,  the  prei)aration  of  which  has  been  already 
described,  pp.  8,  9,  corresponds  with  this  solution  of  silver ;  both 
indicate,  when  used  in  equal  volumes,  the  same  amount  of  chloride 
of  sodium.  If,  therefore,  12'5  cub.  cent,  of  the  solution  of  mercury 
had  to  be  added  to   10  cub.  cent,  of  urine   until  the  appearance  of 
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the  cloudiness,  the  chlorine  in  the  same  volume  of  urine  will  be 
completely  separated  by  12'5  cub.  cent,  of  silver-solulion,  whilst 
no  silver  remains  dissolved. 

Since  the  quantity  of  silver-solution  to  be  added  to  the  urine 
containing  chloride  of  sodium,  for  the  removal  of  the  chlorine,  may 
be  ascertained  in  a  few  seconds  by  means  of  the  solution  of  mercury, 
this  op'jration  loses  all  inconvenience,  whilst  otherwise  it  would  be 
cedious,  and  require  much  time. 

Suppose,  for  15  cub.  cent,  of  the  urine  precipitated  by  the  solution 
of  baryta  (containing  10  cub.  cent,  of  urine),  17*5  of  solution  of  mer- 
cury had  been  used ;  then  with  the  pipette,  30  cub.  cent,  of  the  same 
urine  are  measured  off,  and  35  cub.  cent,  of  the  solution  of  silver  are 
added ;  the  liquor  is  then  at  once  filtered,  and  of  the  filtrate  always 
one  half  of  the  sum  of  the  mixed  liquors  taken  for  the  test;  in  this  in- 
stance, therefore,  32*5  cub.  cent,  contain  10  cub.  cent,  of  urine. 
These  are  now  mixed  with  the  graduated  solution  of  mercury,  and  the 
amount  of  urea  ascertained  in  the  manner  described,  taking  into  con- 
sideration the  dilution  in  consequence  of  the  solution  of  silver  added. 

The  numerous  experiments  made  by  Professors  Dr.  Vogel  and 
Dr.  Bischoff,  at  whose  instigation  this  method  has  been  devised, 
leave  no  doubt  as  to  its  applicability  and  correctness.  In  describing 
such  a  proceeding,  numerous  difficulties  present  themselves,  which  in 
practice  prove  to  be  insignificant ;  indeed,  the  description  is  much 
more  complicated  than  the  execution. 

The  remarkable  simplicity  which  this  method  of  determining 
urea  and  chlorine  has  attained,  is  mainly  owing  to  the  deep  interest 
which  my  two  excellent  friends  have  bestowed  upon  my  experiments ; 
it  is  the  result  of  a  whole  series  of  methods,  which  one  after  the 
other  were  rejected,  not  so  much  for  want  of  accuracy,  but  on 
account  of  the  greater  difficulty  of  execution  ;  and  on  this  occasion 
I  have  very  plainly  seen  how  important  and  requisite  it  is  for  the 
purpose  in  view,  when  the  chemist  is  solving  a  physiological  problem, 
does  not  work  by  himself  alone,  but  in  conjunction  with  a  pathologist 
and  a  physiologist. 

Chemists  will  observe  that,  by  this  determination  of  urea,  mei'cury 
and  chloride  of  sodium,  another  very  interesting  problem  has  been 
solved — viz.  the  determination  by  weight  of  chloride  of  sodium,  mer- 
cury and  urea,  without  having  recourse  to  a  balance.  The  para- 
dox of  a  determination  by  weight  without  weighing,  disappears  by 
the  consideration,  that  a  solution  of  chloride  of  sodium,  saturated  at 
the  ordinary    temperature,    contains    a  definite,  unchanging   weight 
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of  chloride  of  sodium,  and  that  in  10  cub.  cent,  exactly  3  184  grms.  of 
chloride  of  sodium  arc  obtained  ;  by  dilution  with  the  proper  quantity 
of  water,  a  solution  of  chloride  of  sodium  is  obtained,  containing  in 
1  cub.  cent.,  10  or  10*852  milligrammes  of  chloride  of  sodium. 
With  these  solutions,  nitrate  of  protoxide  of  mercury  may  be  gradu- 
ated for  the  determination  of  chlorine,  mercury  and  urea,  without 
the  necessity  of  using  other  instruments  than  a  burette  and  a 
pipette. 


ADDITIONAL    REMARKS. 

In  order  to  prevent  the  rapid  transformation  of  urea  into  cai'bonate 
of  ammonia,  it  is  requisite,  when  collecting  the  urine  of  animals  kept 
in  cages,  to  wash  the  bottom  of  the  cage,  if  made  of  wood,  from  time 
to  time,  with  some  dilute  nitric  acid,  and  to  put  a  few  drops  of  nitric 
acid  into  the  vessel  in  which  the  urine  is  collected. 

With  urine  of  man  and  of  the  dog,  1  vol.  of  solution  of  baryta 
to  2  vols,  of  urine  is  generally  sufficient  to  remove  all  the  phos- 
phoric and  sulphuric  acids,  and  to  leave  some  baryta  in  solution. 
If,  however,  the  urine  be  alkaline  from  the  presence  of  an  alkaline 
carbonate,  which  may  be  under  certain  circumstances  carbonate  of 
ammonia  derived  from  decomposed  urea,  1  vol.  of  solution  of  baryta 
to  2  vols,  of  urine  does  not  suffice ;  in  such  cases,  to  precipitate  all 
the  carbonic  acid,  more  solution  of  baryta  has  then  to  be  used. 

When  3  vols,  of  solution  of  baryta  are  mixed  with  4  vols,  of  urine, 
17*5  cub.  cent,  of  the  liquor  filtered  off  (corresponding  to  10  cub.  cent, 
of  urine)  must  be  taken  for  the  determination  of  urea.  Of  a 
mixtui'e  of  equal  volumes  of  solution  of  baryta  and  of  urine, 
20  cub.  cent,  must  be  taken  for  the  test,  and  so  on. 

I  have  investigated  the  iniluence  of  the  putrefaction  of  urine  on 
this  method  of  determining  the  urea,  and  have  frequently  obtained 
the  same  results  with  putrid  urine,  provided  the  decomposition  had 
not  progressed  too  far,  as  with  the  same  urine  in  the  fresh  state.  If, 
after  the  additiou  of  19"5  cub.  cent,  to  the  fresh  urine,  the  yellowish 
colour  of  the  protoxide  of  mercury  made  its  appearance,  the  same 
reaction  ensued  with  urine  which  had  stood  for  one  or  two  days, 
after  using  the  same  portion  of  solution  of  mercury.  This  can, 
however,  not  be  depended  upon,  as  the  following  results  will  show. 

For  the  precipitation  of  urine  with  nitrate  of  protoxide  of  mercury 
were  used,  for  : 
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10  cub.  cent,  of  urine,  whilst  fresh       .     .     27'    cub.  cent,  of  solution 

of  mercuiy. 

10    „       „      of  the  same  urine,  after  hav- 
ing stood  for  one  day      .27*      „         „         „ 

10,,       „      of  the  same  urine,  after  the 

third  day 275    „         „         „ 

10    „       „      of  the  same  urine,  after  the 

fourth  day 28*      „         „          „ 

For  another  sample  of  dog's  urine  there  were  used,  for  : 

10  cub.  cent,  whilst  fresh  .  .  3G'5  cub.  cent,  of  solution  of  mercury. 

10   ,,       „      two  days  old  .  41'       „  „  „  „ 

10    „       „      three  days  old  .  42'       „  „  „  „ 

10    „       „      four  days  old  .  42"       „  „  „  „ 

One  equivalent  of  urea  yields  by  its  putrefaction  2  equivs.  of 
ammonia ;  and  if,  by  adding  the  solution  of  mercury,  the  compound 
described  by  C.  G.  Mitscherlich  and  Kane  were  formed,  which 
contains  2  equivs.  of  mercury  for  1  equiv.  of  ammonia  or  amidogen, 
just  as  much  of  the  solution  of  mercury  would  be  required  for  its  pre- 
cipitation as  for  the  urea  from  which  the  ammonia  has  been  formed. 
The  experiments  show,  however,  that  somewhat  more  is  required, 
which  seems  to  indicate  that,  under  these  circumstances,  ammoniacal 
compounds,  with  3  and  perhaps  more  equivs.  of  protoxide  of  mer- 
cury, are  formed. 

For  exact  determinations,  no  other  resource  is  left  than  to 
determine  the  quantities  of  urea  and  of  ammonia  present,  each 
separately,  and  to  express  the  ammonia  found,  as  urea.  For  this 
purpose,  two  portions  of  urine  are  taken ;  the  first  of  which  is  used 
for  the  determination  of  the  urea,  the  other  for  that  of  the  ammonia. 

In  estimating  the  urea  in  this  urine,  it  is  not  precipitated  with  the 
usual  mixture,  but  only  with  baryta-water;  of  the  liquor  filtered  off, 
a  volume  is  taken,  containing  10  cub.  cent,  of  urine,  and  this  is  then 
heated  in  a  water-bath,  until  no  further  escape  of  ammonia  is  per- 
ceptible. Since,  after  the  treatment  with  baryta,  the  ammonia  is  in 
solution  in  form  of  caustic  ammonia,  its  expulsion  is  readily  efiected ; 
care  is,  of  course,  to  be  taken,  that  all  the  carbonate  of  anmionia  is 
decomposed,  and  the  addition  of  the  baryta-water  has  to  be  regulated 
accordingly. 

In  the  other  portion  of  the  urine,  the  ammonia  is  determined  by 
means  of  one  of  the  ordinary  alkali-metrical  methods.  For  this 
purpose  it  is  best  to  use  a  dilute  sulphuric  acid,  made  with  16"333 
grms.  of  pure  hydrated  sulphuric  acid  and  so  much  water  that  the 
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mixture  occupies  500  entire,  or  1000  half  cub.  cent,  i  cub.  cent,  of 
this  sulphuric  acid  saturates  exactly  5*66  milligrammes  of  ammonia  ; 
this  is  the  quantity  formed  from  10  milligrammes  of  ammonia;  1 
cub.  cent,  of  this  sulphuric  acid  used  in  saturating  the  ammonia  in 
urine  corresponds  therefore  to  20  milligrammes  of  urea. 

These  determinations  are  somewhat  more  precise  when  a  measured 
volume  (containing  a  known  quantity  of  urine)  of  the  urine,  treated 
with  baryta,  is  submitted  to  distillation,  and  the  product  collected  in 
a  receiver,  containing  a  measured  volume  of  the  above  dilute  sulphuric 
acid,  which  must  be  larger  than  is  requisite  to  neutralize  the  ammonia 
passing  over ;  the  quantity  of  free  acid  left  is  then  determined  by 
means  of  a  dilute  solution  of  ammonia,  graduated  for  the  dilute 
sulphuric  acid.  Thus,  if  40  cub.  cent,  of  the  dilute  sulphuric  acid 
have  been  put  into  the  receiver,  and  afterwards  15  cub.  cent,  of 
the  graduated  solution  of  ammonia  were  required  to  saturate  the  free 
acid  left,  a  quantity  of  ammonia  was  obtained  by  the  distillation 
corresponding  to  40  —  15  =  25  cub.  cent,  of  the  dilute  sulphuric  acid, 
or  to  250  milligrammes  of  urea. 


II. —  Oil  the  Mode  of  Estimating  the   Value  of  Red  Prussiate  of 

Potash. 

By  Francis  Lieshing. 

If  the  red  prussiate  were  always  sold  in  the  form  of  large  crystals, 
as  it  usually  occurs,  the  valuation  of  it  would  scarcely  be  required. 
Since,  however,  large  quantities  of  this  salt  are  prepared  by  saturating 
the  powdered  yellow  prussiate  with  chlorine,  and  the  product  ob- 
tained (which  necessarily  must  contain  a  certain  amount  of  chloride 
of  potassium,  and  besides  frequently  contains  a  portion  of  undecom- 
posed  yellow  prussiate)  is  sold  in  a  powdered  state,  it  becomes  a 
matter  of  importance  to  have  an  easy  method  of  determining  the  real 
amount  of  pure  ferricyanide  of  potassium  it  contains,  and  likewise  of 
checking  any  adulteration  with  other  ingredients. 

The  methods  of  valuation,  whicb,  on  account  of  facility  and  quick- 
ness of  performance,  have  lately  become  very  useful,  are  the  so-called 
alkalimetric  methods  of  estimation  ;  and  it  is  this  direction  that 
I  have  followed  to  obtain  a  test  for  the  ferricyanide  of  potassium. 

If  the  object  is  merely  to  compare  several  samples  of  red  prussiate 
as  to  their  relative  value,  or  to  compare  them  with  a  standard  of  a  pure 


32  iMR.    LIESHING    ON    THE    MODE    OF    ESTIMATINO 

and  carefull}^  dried  drug,  a  diluted  solution  of  sulphide  of  sodium, 
containing  a  considerable  excess  of  tlie  alkali,  may  be  employed.  A 
certain  weight,  say  50  or  100  grains,  of  the  pure  ferricyanide  is  dis- 
solved in  a  few  ounces  of  water,  and  into  this  a  diluted  alkaline 
solution  of  sulphur  is  poured  in  small  portions  from  an  alkalimeter. 
By  each  addition,  a  quantity  of  sulphur  is  precipitated,  forming  a 
milky  liquid,  which  is  of  the  purest  white  at  the  very  point  of  satura- 
tion— that  is  to  say,  when  all  the  ferricyanide  has  been  converted  into 
ferrocyanide.  To  determine,  however,  this  point  more  accurately, 
a  strip  of  white  filtering  paper,  dipped  beforehand  into  a  solution 
of  acetate  of  lead,  and  dried,  is  introduced  into  the  liquid.  So  long 
as  any  red  prussiate  is  present,  the  paper  will  remain  white,  but  the 
slightest  excess  of  the  sulphide  will  give  it  a  brownish  tinge.  After 
noting  the  number  of  measures  consumed,  the  same  solution  of 
sulphur  is  applied  to  the  samples  about  to  be  tested ;  or  it  may 
be  diluted  before  this,  so  that  each  measure  shall  correspond  to 
^  grain  or  I  grain  of  pure  prussiate.  If  any  of  the  samples  should 
contain  metallic  admixtures,  this  would  at  once  be  indicated  by  the 
test.  The  liquid  would  in  this  case  appear  white  at  the  very  point  of 
the  complete  transformation  of  the  ferricyanide,  but  the  next  drop  of 
the  sulphuret  added  would  colour  it. 

The  reaction  which  takes  place  in  the  process  described  is  the 
following  :  1  equiv.  of  ferricyanide  of  potassium—  Kg  Ve^  Cyg  decom- 
poses 1  equiv.  of  sulphide  of  sodium  by  taking  up  1  equiv.  of 
sodium,  and  thus  forming  2  equivs.  of  ferrocyanide  of  potasssium  = 

OT/'      y 

^     >  Fe2Cyg  +  6HO,  in  which  1  equiv.  of  K  is  replaced  by  I  equiv. 

of  Na. 

The  soluble  iodides  are  likewise  decomposed  by  red  prussiate  in 
the  same  waj^  as  the  sulphides,  and  iodine  is  set  free.  This  is 
especially  the  case  when  the  mixture  is  heated. 

In  order  to  obtain,  however,  a  test  of  more  stability  and  better 
fitted  for  preservation  than  the  sulphide  of  sodium,  I  prepared  and 
tried  the  following  three  compounds  : 

Sulphantimoniate  of  sodium  (3  NaS  .  Sb  Sj  + 18  HO), 

Sulphostannate  of  sodium  (NaS  .  SnSo),  and 

Terbasic  sulpharseniate  of  sodium  (3  NaS  .  AsSg  + 15  HO). 

But  although  these  three  compounds  exercise  the  same  decom- 
posing action  upon  the  red  prussiate,  I  found  only  the  sulpharseniate 
to  possess  sufficient  stability  to  remain  quite  unchanged  in  stoppered 
bottles  for  a  long  period  of  time. 
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This  compound  may  be  easily  prepared,  either  by  dissolving  penta- 
sulphide  of  arsenic  in  liquid  sulphide  of  sodium,  or  by  dissolving 
arsenious  acid  in  caustic  soda  at  boiling  heat,  and  adding  from  time 
to  time  a  concentrated  solution  of  sulphur  in  caustic  soda,  con- 
tinuing the  additions  to  the  boiling  liquid,  till  no  further  precipita- 
tion of  sulphur  takes  place.*  After  filtering  and  cooling,  a  large  crop 
of  pale  yellow  crystals  is  obtained,  which  should  be  separated  from 
the  mother-liquor,  washed  with  cold  water,  dissolved  and  crystaUized 
again  repeatedly,  until  they  dissolve  without  leaving  any  residue,  and 
appear  perfectly  transparent.  They  are  then  to  be  dried  upon 
filtering  paper  at  the  common  temperature,  and  preserved  for  use 
in  a  stoppered  bottle.  The  crystals  are  usually  short  rhomboidal 
tables,  but  they  assume  a  longer  columnar  form,  and  become  at 
the  same  time  more  transparent,  when  a  little  carbonate  of  soda 
has  been  added  to  the  solution.  \^lien  dried  at  the  common  tempe- 
rature and  afterwards  heated  to  100°  C,  they  lose  33-1  per  cent  of 
water  of  crystallization,  and  dissolve  again,  without  leaving  any 
residue,  or  having  undergone  any  decomposition.  The  solution  is 
pale  yellow,  and  may  be  kept  for  a  long  time  without  decomposition, 
especially  when  mixed  with  pure  carbonate  of  soda  or  potash. 

The  sulpharseniate  of  sodium  is  readily  decomposed  by  all  acids, 
as  well  as  by  chlorine  and  by  red  prussiate  of  potash.  By  the  action 
of  acids,  pentasulphide  of  arsenic  is  immediately  precipitated,  with 
evolution  of  sulphuretted  hydrogen  gas.  A  neutral  solution  of  red 
prussiate  of  potash,  when  mixed  with  small  portions  of  a  solution 
of  the  sulpharseniate,  becomes  at  first  only  opalescent ;  by  further 
additions  it  turns  acid,  and  yellow  sulphide  of  arsenic  is  then  likewise 
precipitated,  with  evolution  of  sulphuretted  hydrogen.  If,  however, 
either  the  pi-ussiate  or  the  sulpharseniate  has  been  mixed  with  a 
certain  quantity  of  pure  carbonate  of  soda,  the  pentasulphide  of 
arsenic  likewise  undergoes  decomposition.  The  liquid  becomes  milky 
from  separation  of  pure  sulphur,  and  its  green  tint  turns  whiter 
by  each  addition,  until,  after  complete  transformation  of  the  ferri- 
cyanide,  it  exhibits  the  purest  white.  This  point  of  saturation  may 
easily  be  recognised  from  the  purity  of  the  white ;  but,  to  be  sure 
that  all  the  fern'cyanide  has  been  converted  into  ferrocyanide, 
a  few  drops  of  a  cochineal-decoction  are  added,  which  will  imme- 
diately be  bleached  if  any  fcrr/cyanide  is  yet  present,  but  in  its 
absence  will   impart  to   the  liquid  a  red  tinge.     In  this  dceoinposi- 

*  It  must  l)e  remembered  here  that  a  much  larger  quantity  of  siili)hur  is  required 
thnn  would  appear  from  the  constitution  of  the  salt;  since  the  As  O^j,  as  well  as  the 
Na  O,  is  to  be  deoxidized  at  the  expense  of  the  sidphur. 
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tion  no  formation  of  sulphurous  or  sulphuric  acid  is  observed,  the 
precipitate  consists  of  pure  sulphur,  whilst  the  pentasulphide  of 
arsenic  is  apparently  only  converted  into  arsenious  acid.  The  pro- 
cess, when  the  liquid  is  not  alkaline,  is  probably  as  follows  :  3  equivs. 
of  ferricyanide  of  potassium  =  3  (3  K .  Fe,  Cyg)  will  take  from 
1  equiv.  of  sulpharseniate  of  sodium  =  3  Na  S  .  As  85+ 15  IIO, 
3  equivs.  of  sodium,  setting  free  3  equivs.  of  sulphur  and  1  equiv.  of 

9  K  "1 
pentasulphide  of  arsenic,  and  forming  „  ^     f^^e^yis  +  18  HO  = 

6  equivs.  of  ferrocyanide  of  potassium,  in  which  3  equivs.  of  K  are 
replaced  by  3  equivs.  of  Na.  If,  however,  the  liquid  be  made  alka- 
line, the  carbonate  of  soda  added  furnishes  3  more  equivs.  of 
sodium,  again  to  form  with  3  equivs.  of  ferricyanide  of  potassium 

Q  K    T 

QTvr    (  J^SgCy^a  +  lS  HO  =  6  equivs.  of  yellow  prussiate,  the  3  equivs. 

of  oxygen  separated  from  the  soda,  joining  with  1  equiv.  of  arsenic 
and  forming  1  equiv.  of  arsenious  acid,  which  again  will  combine 
with  1  equiv.  of  soda. 

Assuming  thus,  that  6  equivs.  of  red  prussiate  would  form,  by  the 
action  of  1  equiv.  of  sulpharseniate  of  sodium  and  3  equivs.  of  soda, 
12  equivs.  of  yellow  prussiate  of  potash,  calculation  shows,  that  for 
every  100  grains  of  pure  red  prussiate,  20  grains  of  crystallized 
3  Na  S  .As  S5  +  I5  HO  are  required;  and  this  is  the  exact  propor- 
tion which  has  also  been  found  by  experiment. 

We  weigh,  therefore,  on  the  one  hand  100  grains  of  the  red 
prussiate  to  be  tested,  and  dissolve  it  in  2  ounces  of  water ;  on  the 
other,  20  grains  of  the  sulpharseniate  and  from  40  to  60  grains  of 
pure  carbonate  of  soda  or  potash  ;  these  are  dissolved  together  in  the 
alkaliraeter  in  400  measures  of  water,  so  that  each  measure  consumed 
(containing  ii-fjth  of  a  grain  of  sulpharseniate)  would  indicate  5  per 
cent  of  pure  red  prussiate.  When  after  gradual  addition  the  mixture 
has  acqtiired  a  pure  white,  the  complete  transformation  may  be  ascer- 
tained by  a  drop  of  cochineal  liquor. 

Attention  must  be  paid  to  the  circumstance,  that  all  commercial 
soda  contains  small  quantities  of  sulphur,  which  w^ould  interfere  with 
the  exactness  of  the  test.  This  is  less  the  case  with  pearl-ash ;  but  it 
will  be  best  to  employ  carbonate  of  soda  or  potash  especially  purified 
for  the  purpose. 

Whilst  in  the  above  process  the  pentasulphide  of  arsenic  contained 
in  the  sulpharseniate  of  sodium  is  converted  by  red  prussiate  into 
arsenious  acid,  it  is,  on  the  contrary,  converted  into  arsenic  acid  by 
the  action  of  hypochlorite  of  lime.     This  will  appear  from  the  follow- 
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ing  experiment :  If  to  a  solution  of  arsenious  acid  in  an  excess  of 
soda,  which  has  been  coloured  by  a  few  drops  of  cochineal-decoction, 
the  slightest  quantity  of  red  prussiate  be  added,  the  colour  will 
be  destroyed  immediately,  the  arsenious  acid  not  serving  here  as 
a  protection ;  the  same  liquid  will  however  keep  its  tint  after  con- 
siderable additions  of  hypochlorite  of  lime.  The  same  behaviour 
towards  hypochlorite  of  lime  is  exhibited  by  a  solution  of  red  prus- 
siate after  complete  transformation  by  sulpharseniate,  whilst  an 
alkaline  cochineal-decoction,  alone  or  mixed  with  yellow  prussiate,  is 
immediately  bleached  by  the  hypochlorite.  It  is  besides  a  pecu- 
liarity of  an  alkaline  solution  of  cochineal,  that  its  decolorization  by 
red  prussiate  or  chlorine  is  instantaneous,  and  much  easier  to  discern 
than  that  of  an  acid  solution.  Amongst  a  number  of  colouring 
matters,  I  found  only  indigo-carmin  in  connection  with  carbonate 
of  soda  equally  sensible  for  the  above  two  agents;  and  this  may 
easily  be  accounted  for,  if  we  remember  that  indigo-carmin,  as  well 
as  cochineal,  is  acted  upon  and  gi-adually  discoloured  by  alkalies 
alone. 

As  to  objections  which  may  be  made  against  the  sulpharseniate- 
test,  I  remark  first,  that  the  alkali  metric  methods  of  valuation  in 
general  are  not  sufficient  of  themselves,  and  should  always  be  pre- 
ceded by  a  qualitative  examination  of  the  drug;  otherwise  the 
most  injurious  admixtures  might  frequently  be  overlooked.  As  an 
illustration  of  this,  I  need  only  refer  to  the  otherwise  very  accurate  test 
lately  proposed  by  Dr.  Penny*  for  the  valuation  of  tin  in  the  "  crystals 
of  tin"  and  the  "  double  muriate  of  tin"  of  commerce,  which  is  based 
upon  the  conversion  of  the  protochloride  of  tin  into  bichloride  by 
bichromate  of  potash.  In  this  instance,  the  liquid  "  double  muriate 
of  tin"  might  contain  a  very  considerable  admixture  of  protochloride 
of  iron,  without  even  changing  its  external  appearance ;  and  this  in 
practice  highly  obnoxious  admixture,  would,  by  the  sole  application  of 
the  bichromate  of  potash  test,  not  only  escape  detection,  but  the  iron 
would  actually  be  calculated  as  tin.  Supposing  then,  that  certain 
impurities  might  occur  in  the  red  prussiate,  which  in  acting  alike 
upon  the  sulpharseniate  might  give  rise  to  errors,  the  agents  which 
would  require  attention,  are  principally  acids,  chlorine  and  hypo- 
chlorites, chlorates,  sulphides  and  sulphites,  and  metallic  combina- 
tions. 

As  to  the  acids,  it  is  evident  that  their  action  will  be  neutralized 
by  the  excess  of  alkah  in  the  test-liquor,   and   any   acidity   in  the 

*  them.  Soc.  Qu.  J.  IV,  239. 
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prussiate  might  besides  be  saturated  beforehand  by  an  addition  of 
alkali.  The  presence  of  free  chlorine  and  of  hypochlorites  would  be 
indicated  by  the  smell,  and  could  only  occur  in  a  fresh  preparation  of 
the  powdered  kind  of  red  prussiate^  the  chlorine  being  neutralized  in 
a  short  time  by  the  action  of  the  prussiate  itself.  Chlorates  do  not 
seem  to  have  any  effect  upon  the  test.  Sulphides  and  sulphites  could 
could  not  coexist  with  red  prussiate.  Metallic  compounds  would, 
with  few  exceptions,  either  be  indicated  in  dissolving  the  prussiate, 
or  by  the  test  itself ;  and  as  the  red  prussiate  is  always  first  decom- 
posed by  the  sulpharseniate,  the  metalHc  bases  would  only  combine 
with  the  sulphide  after  the  point  of  saturation,  and  therefore  not 
come  into  calculation. 

Another  objection  which  might  be  started  is,  that  the  carbonated 
alkali  alone  might  decompose  the  red  prussiate,  and  that  conse- 
quently, the  quantity  to  be  added  is  not  indifferent.  Such  a 
decomposition  does  in  reality  take  place ;  but  when  the  mixed  so- 
lutions are  not  heated,  the  action  is  so  slow,  that  it  is  scarcely  to  be 
obseiTed  after  a  day  or  two. 

It  must,  however,  be  allowed  that  the  preparation  of  the  sulphar- 
seniate  of  sodium,  and  especially  the  drjdng  of  the  crystals,  requires 
much  attention ;  and  it  would  perhaps  be  preferable  to  dry  them  at 
once  at  100°  C,  and  to  employ  the  anhydrous  powder. 


III. — On  an  Improved  Assay  Balance. 
By  George  H.  Makins. 

Having  occasion,  some  little  time  since,  for  an  assay  balance,  and 
being  well  aware  of  the  points  wherein  those  in  use  here  are 
deficient,  I  applied  myself  to  the  task  of  so  arranging  existing 
materials,  as  to  produce,  if  I  could,  a  more  effective  instrument. 

Two  forms  of  assay  balances  are  most  common  in  England.  The 
first  is  very  little  more  than  an  exceedingly  delicate  pair  of  ordinary 
scales ;  in  fact,  a  very  light  scale-maker's  beam,  adjusted,  as  they  are 
accustomed  to  do,  by  carefully  "  setting"  it,  so  as  to  obtain  correct 
length  of  arm,  and  straight  line  of  fulcrum  and  points  of  suspension. 
The  second  is  an  instrument  imported  from  France,  or  better, 
made  here  upon  the  French  plan.  Of  these,  the  French  are  but  an 
improvement  upon  the  first  class;  the  beams  (of  almost  all)  being 
permanently   adjusted    when   finished.       Those,  howeverj   made  by 
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Mr.  Oertling  upon  this  plan  are  furnished  with  the  requisite  adjust- 
ments, and  are  very  superior  in  point  of  detail  and  workmanship. 
But  the  beams  of  all  contain  too  much  metal,  and  that  especially 
in  parts  where  its  presence  interferes  with  their  action,  by  imparting 
a  certain  amount  of  inertia.  And,  lastly,  their  stands  and  move- 
ments are  very  far  from  convenient. 

The  essentials  in  an  assay  balance  appear  to  be  these  :  first,  that 
it  should  be  constant,  so  that  certain  differences  of  value  in  weights 
should  always  produce  the  same  difference  of  indication  ;  secondly, 
it  should  be  exceedingly  quick  in  indicating;  and,  thirdly,  very  sen- 
sible, and  consequently  well  affected  by  slight  differences. 

These  two  last  requirements  are  somewhat  incompatible,  for,  in 
proportion  as  you  increase  quickness  of  action,  you  must  diminish 
sensibility,  by  lowering  the  centre  of  gravity  of  the  system  ;  and  it  is 
in  the  union  of  these  two  necessary  qualifications  that  the  value  of 
the  balance  now  before  the  Society  lies. 

The  beam  of  this  balance  is  what  is  called  a  skeleton-beam,  10  inches 
long,  I  an  inch  deep  at  the  fulcrum,  tapering  off  to  ^  at  each  end. 
It  is  about  -Jjj-  of  an  inch  thick  in  the  centre,  decreasing  in  the  same 
way  to  2^0  of  an  inch.  As  little  metal  as  possible  is  left  in  it ;  thus, 
in  the  centre,  there  is  but  just  enough  to  allow  of  secure  fixing  for 
the  knife-edge ;  and  at  the  ends,  for  the  adjustments  for  length  of 
arm,  &c.  The  latter  are  effected  very  much  in  the  same  way  as  in 
Robinson's  balance,  in  which  an  oblique  saw-cut  is  made  nearly 
through  the  metal  at  the  ends  of  the  beam,  which  cut  is  capable  of 
being  opened  or  closed  by  pressing-screws.  In  the  present  case, 
a  loose  piece  is  put  on,  and  made  similarly  adjustable  by  screws. 
Thus  we  obtain  the  adjustment  for  length  of  arm. 

The  bearings  for  the  pendants  are  two  hard  steel  points,  at  each 
end  adjustable  for  the  straight  line,  by  having  a  fine  screw  cut  on 
each,  and  provided  with  fixing-nuts.  By  these  the  points  can  be 
screwed  vertically,  up  or  down,  through  the  horizontal  plate  formed 
at  the  end  of  the  beam. 

The  pendants  are  hung  on  these  points  by  a  small  steel  plate,  in 
the  underside  of  which  a  cup-shaped  cavity  is  turned  for  the  one, 
and  a  groove  hollowed  out,  from  the  back  towards  the  front,  for 
the  other. 

Had  two  cups  been  employed,  it  would  have  been  next  to  im- 
possible, even  by  the  most  careful  workmanship,  to  have  secured 
their  concentricity  with  the  points.  A  small  steel  hook  for  the  pan- 
chains  passes  vertically  down  in  a  notch  in  the  horizontal  plate  at 
the  end  of  the  beam. 
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This  last  arrangement  is  due  to  Mr.  Oertling,  whom  I  employed 
to  make  this  instrument ;  for  in  the  drawings  I  sent  to  him,  1  had 
put  but  a  single  point  at  each  end,  being  fully  persuaded  how 
much  quickness  and  delicacy  are  ensured  by  the  least  possible 
friction  of  the  pendants.  I  had  provided  against  their  swinging 
round,  which  was  almost  sure  to  take  place  upon  a  single  point,  by 
having  the  edges  of  the  notches  through  w^hich  they  were  to  pass 
worked  to  a  kind  of  knife-edge  on  each  side.  Mr.  Oertling,  how- 
ever, thought  that  two  would  be  necessary,  and  that  the  friction 
in  them  woidd  be  less  than  even  if  one  were  used.  The  weight  of 
the  beam,  with  all  its  fixed  appendages,  is  only  103  grains.  Its 
bearings  are  of  agate,  worked  to  elliptical  surfaces,  instead  of  being 
as  usual,  plain.  Here,  again,  but  a  point  of  the  knife-edge  is  allowed 
to  bear  upon  the  agate. 

Bearing  in  mind  the  very  small  weight  these  balances  would  have 
to  carry  (and  I  never  load  mine  with  more  than  25  grains)  I  had  no 
hesitation  in  thus  reducing  all  parts  of  contact  where  friction  during 
action  occurs,  to  the  smallest  possible  dimensions,  virtually,  indeed, 
to  points. 

Nor  have  these  parts  been  found  to  fail  from  blunting  by  wear,  as 
might  have  been  anticipated ;  at  least,  in  the  case  of  one  which 
I  have  daily  in  use,  I  knoAV  that  I  have  made  more  than  ten  thousand 
weighings  in  it,  and  not  the  least  diminution  of  sensibility  is  as  yet 
observable. 

The  stand  is  massive  in  its  construction,  in  order  that  when 
rapidly  put  into  action,  no  tremulousness  may  be  communicated  to 
the  beam. 

1  give  here  an  outline  drawing  of  the  instrument  (made  to  a  scale) 
in  order  to  exhibit  its  solidity  in  contrast  with  the  delicacy  of  the 
beam  and  its  appurtenances.  It  consists  of  two  stout  pillars,  of  h  an 
inch  diameter  and  6|  inches  long,  fixed  on  a  base  ^  of  an  inch  thick. 
Upon  the  upper  end  of  these  is  fixed  a  table,  which  has  two  upright 
pieces  rising  from  it,  to  which  are  cemented  the  agate  bearings. 

A  second  corresponding  table  is  attached  to  the  movement  rods 
which  pass  down  the  pillars.  This  table  has  two  mortices  in  it  for 
the  passage  of  the  upright  pieces  which  carry  the  agates,  and  upon 
these  uprights  it  slides  up  and  down.  On  the  outside  of  this  second 
table  is  a  crutch  on  eacli  side  ;  these  lift  off  the  beam  from  its  bear- 
ings when  throwing  it  out  of  action. 

The  movement  lever  on  being  depressed,  first,  however,  acts  upon 
the  arms  of  two  rollers,  which  are  fixed  under  the  lantern,  and 
whose  opposite  arms  depress  the  ivory  tables  which  support  the  pans ; 
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this  roller  motion  is  particularly  free  and  pleasant  in  use.     By  the 
time  the  tables   are  well  away,  the  lever  has  reached  a  connecting 
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Stirrup  between  the  movement  rods,  and  begins  to  drop  the  beam 
upon  the  agates.* 

In  order  to  have  the  smallest  possible  contact  between  the  under 
side  of  the  pans  and  the  tables,  the  latter  have  hemispherical 
eminences  turned  upon  them,  and  the  pans  themselves  have  a  curve 
given  to  them  of  a  radius  just  equal  to  the  distance  between  the  ivory 
table  and  the  point  of  suspension ;  whereby,  should  they  sA^ng  out 
of  the  perpendicular  during  weighing,  they  will  nevertheless  be 
caught  by  the  tables  when  they  rise  up  to  them. 

There  are  adjustments  both  for  the  amount  of  fall  of  the  fulcrum 
to  the  agates,  and  of  rise  of  the  ivory  tables  to  the  pans ;  the  former 
is,  however,  very  small  in  amount. 

By  the  pillars  being  fixed  at  a  distance  of  1^  inch  from  each 
other,  a  good  space  is  obtained  for  a  scale ;  while,  by  i)rolonging  the 
index-needle  to  rather  more  than  6  inches  downwards,  very  open 
degrees  are  obtained.  And  besides  this  great  advantage,  the  motions 
of  the  index-needle  are  brought  nearly  upon  a  level  with  the  pans. 

To  those   who  arc   used   to   a  descending  index    (as   in   all    good 


*  Tlic  movement  and   "  rider"  apparatus  arc  both  omitted  in  tlic  above  drawing,  for 
the  sake  of  greater  distinctness. 
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chemical  balances),  the  comfort  of  this  aiTangement  will  be  at  once 
apparent ;  for  the  eye  has  not  to  travel  a  distance  between  the  pans 
and  index  (as  is  the  case  in  the  balances  to  which  I  just  now  alluded), 
but  the  whole  are  under  view  at  once. 

]\Iuch  praise  is  due  to  the  maker  for  the  very  beautiful  work- 
manship he  has  put  into  these  instruments,  and  that  more  especially 
in  the  beams.  Without  this  perfect  degree  of  execution  of  the 
work,  they  would  be  uncertain  in  action,  and  possess  less  capa- 
bility than  a  heavier  instrument. 

I  have  been  encouraged  by  several  members  who  have  had  oppor- 
tunities of  witnessing  its  performance,  to  put  a  brief  description 
of  this  instrument  before  the  Society  in  the  form  of  a  notice,  and 
hope  that  by  so  doing  I  have  not  been  oecupj-ing  time  improfitably. 
I  should  have  done  so  last  season,  but  had  not  one  sufficiently  long 
in  use  to  fairly  put  its  powers  to  the  test,  before  the  close  of  the 
Society^s  meetings. 


IV. — On  some  New  Compounds  of  Tellurethyl. 

-    (from  a  letter  of  professor  wohler  to  dr.  hofmann.) 

You  are  already  acquainted  with  the  fact,  that  some  experiments 
performed  at  my  instigation  by  Dr.  Mallet  on  telluride  of  ethyl,* 
have  proved  this  body  to  comport  itself  like  an  organic  radical,  like  a 
metal,  in  fact,  and  to  fonn  both  a  basic  oxide  C^  Hg  Te  0,  and  a  cor- 
responding chloride,  C^  H^  Te  CI.  From  the  results  you  obtained  by 
studying  the  action  of  iodide  of  ethyl  upon  ammonia,  the  idea  sug- 
gested itself  that  this  new  radical,  like  ethyl,  methyl,  &c.,  might 
form  a  tellurethylamine  corresponding  to  ethylamine. 

This  idea  has  not,  up  to  the  present  time,  been  confirmed  by  the 
experiments  I  have  made  on  this  subject ;  these  experiments  have  led 
however  to  the  discovery  of  various  compounds,  Avhich  may  be  con- 
sidered as  additional  proofs  of  the  radical  character  of  telluride  of 
ethyl,  and  of  which  I  now  propose  giAing  you  a  short  account.  I 
may  at  the  same  time  remai'k  that  there  appears  now  a  prospect 
of  a  more  detailed  investigation  of  these  remarkable  relations,  inas- 
much as  Mr.  A.  Lowe,  of  Vienna,  whom  I  also  have  to  thank  for 

*  Ann.  Ch.  Pharm.  LXXIX,  223. 
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the  material  employed  in  these  researches,  has  invented  an  advan- 
tageous process,  by  which  tellurium,  till  now  so  rare,  is  obtained  as  a 
by-product  in  the  working  of  the  Transylvanian  gold  ores^  and  can 
thus  be  introduced  in  commerce  in  larger  quantity. 

1.  Oxychloride  of  Tellurethyl,  C^  H^  TeO -f  C^  H^  Te  CI.— This 
body  is  produced  when  chloride  of  tellurethyl  is  dissolved  in  caustic 
ammonia,  or  potash,  and  the  solution  evaporated  to  crystallization. 
It  is  best  to  use  ammonia,  as  an  excess  does  not  decompose  the 
product.  The  salt  crystallizes  easily,  as  the  excess  of  ammonia 
evaporates.  Chloride  of  ammonium  or  of  potassium  remains  in  the 
mother-liquor. 

Oxychloride  of  tellurethyl  forms  very  lustrous,  colourless,  six-sided 
prisms,  which  on  heating  are  decomposed,  tellurethyl  being  separated 
and  metallic  tellurium  remaining  behind.  From  hot  alcohol  parti- 
cularly it  may  be  obtained  in  beautiful  crystals.  Hydrochloric  acid 
precipitates  from  solutions  of  this  substance,  colourless  oily  chloride 
of  tellurethyl,  a  small  quantity  of  which,  with  the  excess  of  acid, 
remain  in  solution.  Sulphuric  acid  also  precipitates  chloride  of  tel- 
Im-ethyl,  while  sulphate  of  oxide  of  tellurethyl  remains  in  solution, 
from  which  hydrochloric  acid  separates  another  portion  of  chloride 
of  tellurethyl.  Sulphurous  acid  precipitates  from  solutions  of  this 
oil,  a  heavy,  dark  yellow,  transparent  oil,  a  mixture  of  chloride  of 
tellurethyl  and  of  tellurethyl. 

From  this  beha^^our,  and  from  the  mode  of  its  formation,  the 
composition  of  this  body  might  have  been  anticipated ;  it  was  how- 
ever confirmed  by  analysis.     This  gave  the  following  numbers  : 


Experiment. 

Theory. 

CgHioTe^ClO, 

Carbon 

.     19-94 

20-89 

Hydrogen     . 

.       4-96 

4-35 

Tellurium 

.     56-22 

55-87 

Chlorine 

•     15-49 

15-43 

Oxygen 

.       3-39 

3-43 

This  body  is  therefore  formed  by  the  alkali  replacing  in  two 
equivalents  of  chloride  of  tellurethyl,  half  the  chlorine  by  oxygen. 

2.  Bromide  of  Tellurethyl,  C^  H^  Te  Br,  is  formed  when  a  solution 
of  the  above  chlorine-compound,  or  of  nitrate  of  tellurethyl,  is  mixed 
with  hydrobromic  acid.  It  separates  as  a  pale  yellow,  very  heavy 
colourless  oil. 

3.  Oxyhromide  of  Tellurethyl,   C^  H^  TeO  +  C,  H^  Te  IJr,  is  ob^ 
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taiaed  by  dissolving  the  bromide  in  ammonia.  It  crystallizes  in 
shining,  colourless  prisms,  of  the  same  fonn  as  the  corresponding 
chlorine-compound,  with  which  it  is  perfectly  analogous. 

4.  Iodide  of  Tellurethyl,  C^  IIj  Te  I,  may  be  formed  by  mixing  a 
solution  of  nitrate,  or  of  oxychloride  or  oxybromide  of  tellurethyl 
with  hydriodic  acid.  It  is  also  formed  when  free  chloride  of  tellur- 
ethyl is  supersaturated  with  this  acid,  a  reaction  which  explains  why, 
in  the  decomposition  of  the  oxychloride,  iodide  of  tellurethyl  alone 
is  produced,  instead  of  a  compound  of  this  body  with  the  chloride. 
The  salt  separates  in  the  form  of  a  very  fine  yellow  precipitate,  which 
on  washing  and  drying  becomes  an  orange-yellow  powder.  When 
heated  in  water,  it  melts  at  50°  C.  to  a  heavy  yellowish-red  liquid,  which 
on  cooling  solidifies  to  a  yellowish-red,  opaque,  scaly,  frangible  mass, 
soluble  in  hot  alcohol,  from  which  it  crystallizes  in  long,  thin,  orange- 
yellow  prisms.  It  is  only  sparingly  soluble  in  water.  AVhen  heated 
above  its  fusing -point,  it  decomposes,  yielding  a  yellowish-red  oil,  a 
black  sublimate,  and  metallic  tellurium.  If  in  its  preparation  a 
partially  decomposed  solution  of  hydriodic  acid  is  employed,  an 
almost  blood-red  precipitate  is  obtained,  containing  most  probably  a 
higher  iodide. 

5.  Oxyiodide  of  Tellurethyl,  C^  H5  Te  0  +  C^  H5  Te  I.— This  body 
is  prepared  by  dissolving  the  iodide  in  ammonia  and  allowing  it 
to  evaporate  spontaneously.  It  crystallizes  readily  as  the  excess  of 
ammonia  volatilizes,  being  readily  soluble  in  this,  but  only  sparingly 
so  in  water;  it  forms  pale  yellow  transparent  prisms,  isomorphous 
with  the  corresponding  chlorine  and  bromine-compounds;  the  sur- 
face becomes  orange-yellow  on  exposure  to  air.  Hydrochloric  acid 
separates  from  an  aqueous  solution  of  this  body  a  yellowish-red 
heavy  mixture  of  chloride  and  iodide  of  tellurethyl.  Sulphuric  acid 
precipitates  orange-yellow  iodide  of  tellurethjd ;  from  the  filtrate, 
hydrochloric  acid  afterwards  separates  colourless  chloride  of  tellur- 
ethyl. Sulphurous  acid  precipitates  from  the  solution  of  the  com- 
pound an  easily  fusible,  semi-solid  mixture  of  iodide  of  tellurethyl  and 
tellui'ethyl. 

It  was  considered  superfluous  to  analyse  these  compounds,  as  their 
composition  is  clearly  established  by  their  behaviour,  and  from  their 
mode  of  formation. 

No  compound  could  be  obtained  with  cyanogen. 

6.  Hydrofluoric  acid  added  to  solutions  of  the  oxychloride,  throws 
down  chloride  of  tellurethyl,  a  soluble  fluorine-compound  remaining  in 
solution,  which  may  be  crystallized  by  evaporation;  the  same  com- 
pound is  obtained    from  free   oxide  of  tellurethyl  and  hydrofluoric 
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acid ;    a  depoi-tment    in    which  fluorine  again  deviates  much  from 
the  other  salt-radicals. 

7.  Sulphate  of  Oxide  of  TelluretfujI,C^}l^TcO. no +  C^}i.TeO.SO^. 
— This  compound  was  obtained  by  adding  a  neutral  hot  saturated 
solution  of  sulphate  of  silver  to  a  solution  of  recrystallized  oxychloride 
of  tellurethyl,  as  long  as  chloride  of  silver  was  formed.  The  new  salt 
crystallizes  in  groups  of  small,  short,  colourless  prisms,  easily  soluble 
in  water.  Sulphurous  acid  precipitates  from  its  solution  a  yellow 
oily  body,  of  a  most  disagreeable  odour.  Chloride  of  barium  preci- 
pitates sulphate  of  baryta  and  reproduces  the  oxychloride.  The  per- 
centage of  sulphuric  acid  found  was  15"10,  the  above  formula  requiring 
15*91  per  cent. 

8.  Oxalate  of  Oxide  of  Tellurethyl,  C^  Hg  Te  0 .  HO  +  C^  H^  Te  0 . 
Co  O3,  was  obtained  by  digesting  a  hot  saturated  solution  of  the 
oxychloride  with  excess  of  oxalate  of  silver.  The  salt  crystallizes 
in  small  groups  of  short  colourless  prisms,  difficultly  soluble  in 
water.  On  heating  it  fuses,  boils,  gives  off  much  tellurethyl  and 
a  ciystalline  sublimate,  and  leaves  metallic  tellurium.  The  percentage 
of  oxalic  acid  found  was  14*86,  that  of  tellurium  51*31;  the  above 
formula  requires  respectively  14*56  and  51*87  per  cent. 

These  two  salts,  which  exhibit  an  acid  reaction,  may  therefore  be 
considered  as  double  salts,  consisting  of  the  neutral  sulphate  or 
oxalate  combined  with  hydrated  oxide  of  tellurethyl.  I  leave  it  for 
the  present  undecided  whether  the  base  contained  in  them  is 
identical  with  the  one  obtained  by  Mallet  by  direct  oxidation 
of  tellurethyl  with  nitric  acid,  or  by  decomposition  of  the  chlo- 
ride with  oxide  of  silver,  or  whether  its  atomic  weight  is  doubled, 
and  the  sulphate  should  be  expressed  thus  :  Cy  Hjq  Te,  0^  +  HO  .  SO3. 

9.  Oxide  of  Tellurethyl. — It  appears  impossible  to  solate  the  base 
without  partial  decomposition.  It  was  tried  in  two  ways — namely, 
first  by  decomposing  the  oxychloride  with  freshly  precipitated  oxide  of 
silver,  and  secondly,  by  precipitating  the  sulphate  with  hydrate  of 
baryta.  In  both  cases,  an  alkaline  solution  of  hydrated  oxide  of 
tellurethyl,  free  from  baryta  and  oxide  of  silver  was  obtained,  which, 
however,  on  evaporation  on  a  water-bath,  always  evolved  an  odour  of 
tellurethyl,  and  left  at  last  a  thick  viscid  mass,  of  the  consistence  of 
turpentine,  wliich  would  not  become  solid,  and  ^^  hich  at  this  stage  of 
concentration  suddenly  decomposed  with  effervescence,  as  if  carbonate 
had  been  formed,  and  was  decomposed  under  these  circumstances. 
When  treated  with  acid,  the  mass  evolved  carbonic  acid  at  first,  but 
not  after  some  time ;  it  did  not  altogether  dissolve  again  in  water. 
With  chloride  of  ammonium  it  evolved  ammonia.     Hydrochloric  acid 
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precipitated  from  its  solution  oily  chloride  of  tellurethyl.  The  oxide 
appears  to  be  insoluble  in  a  concentrated  solution  of  potash ;  for  if 
some  of  the  crystalline  oxychloride  is  heated  with  the  latter,  colour- 
less oily  drops  separate,  which  possess  the  odour  of  tellurethyl,  and 
redissolve  on  addition  of  water. 

In  the  next  number  of  the  "  Annalen"  you  will  find  my  researches 
on  this  subject  in  detail.  As  it  is  to  be  foreseen  that  these  relations 
will  recur  with  methyl  and  the  other  alcohol-radicals,  I  have,  in 
consideration  of  the  fecundity  of  this  subject,  given  a  full  account  of 
the  method  of  preparing  telluride  of  potassium,  tellurethyl  and  chlo- 
ride of  tellurethyl,  as  a  guide  to  those  who  may  wish  to  pursue  this 
investigation. 


V. — Description  of  an  Apparatus  for  Collecting  Gases  over  Water 

or  Mercury. 

By  W.  M.  Williams. 


FIG.    1. 


This  apparatus  is  intended  to  supersede  the  cumbrous  and  expen- 
sive pneumatic  trough  and  its  appendages.  It  is  constructed  on  the 
principle  of  a  common  wash-bottle,  a  flask  or  tube  for  generating 
the  gas  being  fitted  to  the  tube  corresponding  to  that  to  which,  in 
the  wash-bottle,  the  mouth  is  applied.  It  may  be  constructed  either 
with  a  three-necked  bottle,  as  in  Fig.  1,  or  a  common  wide-mouthed 
bottle  of  sufficient  size,  as  in  Fig.  2.  In  both  figures,  A  represents 
the  bottle  used  as  a  receiver ;  B  the  tube  to  which  the  generating 

flask  is  attached,  which  ter- 
minates in  the  upper  part  of 
the  receiver,  and  may  be 
called  the  gas-tube  ;  C  is  the 
tube  through  which  the  water 
is  forced ;  this  tube,  which 
dips  to  the  bottom  of  the 
vessel,  we  may  call  the  water- 
or  mercury -tube.  Besides 
these,  there  is  in  the  appa- 
ratus represented  in  Fig.  2, 
a  short  straight  tube  D,  fitted 
into  the  cork  of  the  receiver, 
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PIG.  2,  its    lower    part    terminating 

like  the  gas -tube,  in  the 
upper  part  of  the  receiver. 
This  tube,  which  is  corked 
or  stoppered,  may  be  called 
the  filling-tube. 

The  mode  of  using  the 
apparatus  is  very  simple  and 
obvious.  Suppose  we  wish  to 
prepare  oxygen  gas  and  de- 
monstrate its  properties.  The 
receiver  is  filled  with  water, 
and  the  flask  or  tube  con- 
taining the  mixture  of  chlorate  of  potash  and  oxide  of  manganese, 
fitted  by  a  cork,  to  tlie  gas-tube,  aud  heat  applied ;  as  the  gas  is 
generated,  it  passes  through  the  gas-tube  into  the  receiver,  displacing 
the  water  by  forcing  it  up  the  water-tube.  The  use  of  the  filling- 
tube  D  is  to  get  rid  of  the  atmospheric  air  which  conies  off  at  first ; 
this  is  done  by  taking  out  the  stopper  and  refilling  the  receiver  with 
water  after  the  first  portion  of  the  gas  has  been  evolved.  In  the 
three-necked  apparatus,  Fig.  1,  the  middle  stopper  is  used  for  this 
purpose.  This  may  be  used  for  demonstration  without  removing 
the  gas-  and  water-tubes  (on  which  account  the  water-tube  should 
be  kept  as  close  to  the  side  of  the  receiver  as  possible)  by  simply 
taking  out  the  middle  stopper,  which  should  be  large  enough  to 
admit  the  spoon,  &c.,  required  in  the  experiments. 

In  the  apparatus  Fig.  2,  the  cork  and  all  the  tubes  must  be  moved 
together;  and  when  the  gas  is  to  be  used  immediately,  it  will  be 
found  convenient  to  slip  a  piece  of  plate-glass  over  the  neck  of 
the  receiver,  with  the  left  hand,  at  the  moment  the  cork  holding 
the  tubes  is  removed  with  the  right.  When  the  gas  is  to  be  kept 
for  any  length  of  time,  of  course  a  stopper  will  be  requrcd. 

A  number  of  bottles  may  be  thus  filled  with  gas  by  connecting 
them  as  a  series  of  receivers,  the  water-tube  of  the  first  being  attached 
by  a  caoutchouc^tube  to  the  gas-tube  of  the  second,  and  so  on.  The 
first  only  need  be  filled  with  water  or  mercury,  which  successively  fills 
all  the  rest  as  the  gas  dis})laccs  it. 

In  constructing  the  apparatus,  care  should  be  taken  not  to  make 
the  gas-tube  too  long,  in  order  that  it  may  easily  bear  the  weight  of 
the  generating  flask  ;  also  to  bend  it  at  such  an  angle  as  to  place  the 
flask  at  a  convenient  height  for  the  spirit-lamp,  the  retort-stand,  as 
well  as  the  retort  and  pneumatic  trough,  being  thus  dispensed  with. 
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The  water-  or  mercury-tube  should  not  be  carried  too  high  before 
bending,  in  order  to  avoid  unnecessary  pressure  from  the  column  of 
fluid  to  be  raised. 

The  outer  end  of  the  water-  or  mercury-tube  should  dip  into  the 
fluid  contained  in  the  vessel  which  receives  the  water  or  mercury 
driven  out,  iu  order  to  prevent  regurgitation  of  air,  which  would 
otherwise  take  place  when  the  gas  in  the  flask  and  receiver  is  cooling, 
after  the  generation  of  gas  has  ceased. 

One  of  the  advantages  of  this  apparatus  is  the  facility  with  which 
varying  quantities  of  gas  may  be  collected  in  the  same  receiver,  as 
the  generation  of  the  gas  may  be  stopped  at  any  stage,  when  the 
receiver  is  a  fourth,  a  third,  or  half  full,  and  this  small  quantity 
of  gas  experimented  upon  without  disturbing  the  apparatus;  the 
receiver  may  then  be  filled  again,  more  gas  made,  and  so  on,  any 
number  of  times.  By  taking  advantage  of  this,  a  mixture  of  gases  in 
any  proportions  may  be  easily  made.  I  have  fitted  up  on  this  prin- 
ciple a  small  bottle  for  exploding  the  mixture  of  oxygen  and  hydrogen 
gases. 

For  demonstrating  the  properties  of  oxygen  on  a  large  scale,  a 
globe  might  be  fitted  up  on  this  principle,  a  layer  of  sand  being  kept 
at  the  bottom  to  pi-event  cracking  by  ignited  iron,  &c.  The  difficulty 
of  keeping  sand  at  the  bottom  of  a  globe,  which  is  to  be  inverted 
when  filled,  is  by  this  arrangement  obviated. 

For  collecting  gases  over  mercuiy,  an  apparatus  fitted  up  on  this 
principle  enables  us  to  attain  the  minimum  of  expenditure  of  mer- 
cury ;  since  the  quantity  required  is  only  equal  to  the  volume  of  the 
vessel  receiving  the  gas,  and  with  this  any  number  of  such  vessels 
may  be  filled  by  connecting  them  as  a  series.  The  precautions  before 
referred  to  for  preventing  undue  pressure,  of  coui'se  require  especial 
attention  in  using  mercury.  This  pressure,  however,  may  be  reduced 
to  nothing  after  the  mercury-tube  is  once  filled,  by  keeping  the  level 
of  the  fluid  the  same,  both  in  the  vessel  in  which  the  gas  is  being 
received,  and  that  into  which  the  mercury  driven  out  is  being  col- 
lected; for  when  the  mei'cury-tube  is  filled,  and  its  outside  end 
dips  into  this  vessel,  it  acts  as  a  syphon.  In  order  to  do  this,  some 
additional  mercui-y  will  of  course  be  required.  If,  however,  care  be 
taken  to  make  all  the  fittings  tight,  this  will  not  be  necessary,  except 
in  a  very  high  apparatus. 
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VI. — On  the  Law  of  Electrolysis. 
By  Professor  H.  Buff. 

The  law  of  definite  electrolytic  decomposition,  if  not  hitherto 
decidedly  opposed,  has  yet  been  regarded  as  doubtful  by  many 
physicists.  Others  have  considered  it  only  as  approximatively  true  ; 
among  those  inclined  to  this  view  are  Martins,*  Schoenbein,t  de 
la  Rive,J  &c.  Jacobi,  who  as  late  as  last  year  published  some 
experiments  on  the  electrolysis  of  svilphate  of  copper,  §  is  disposed  to 
consider  that  the  intensity  of  the  action  depends  on  the  concen- 
tration of  the  solution.  The  celebrated  discoverer  of  the  electrolytic 
law  has  admitted,  in  the  12th  series  of  his  experimental  researches  on 
electricity,  that  fluid  electrolytes  may  possibly  conduct  currents  under 
a  certain  strength^  without  being  decomposed  by  them;  and  that 
this  conducting  power,  though  not  equal  in  different  fluids  capable  of 
decomposition  by  electricity,  yet  in  all  cases  obtains  only  in  very 
weak  currents. 

As  definite  electric  decomposition,  if  rigorously  proved,  pre- 
sents a  capital  method  of  determining  the  unit  of  electricity,  inas- 
much as  this  unit  would  then  become  identical  with  the  unit  of 
chemical  action,  it  appeared  to  me  of  great  interest  to  ascertain  by 
accurate  measurements  the  limits  between  which  the  law  of  Faraday 
holds  good.  From  the  results  of  an  investigation  undertaken  for 
this  purpose,  I  consider  it  as  proved,  that  even  the  smallest  aiuount 
of  electricity  cannot  pass  through  a  liquid,  capable  of  being  decom- 
posed^ without  producing  an  equivalent  amount  of  decomposition. 

According  to  the  view  generally  adopted  at  present,  I  regard  as 
electrolytes  all  chemical  compounds  which,  like  water,  hydrochloric 
acid,  chloride  of  lead,  &c.,  consist  of  an  electro-positive  radical,  which 
under  galvanic  influence  collects  at  the  negative  electrode,  and  of  an 
electro-negative  radical,  which  is  disengaged  at  the  positive  electrode. 
Thus  sulphate  of  copper  consists  of  the  positive  radical  Cu  and  the 
negative  one  SO^ ;  nitrate  of  silver  of  the  positive  radical  Ag  and 
the  negative  NOg ;  sulphate  of  ammonia  of  the  positive  radical  NH4 


*  Pogg.  Ann.  LVIII,  284  ;  Inst.  1850,  30. 

t  i'ogg.  Ann.  XLIU,  238. 

X  Pogg.  Ann.  LIV,  403. 

§  Pe.eisb.  Acad.  Bull.  IX,  333. 


48  PROFESSOR    II.    BUFF    ON 

and  the  negative  one  SO^,  &c.  According  to  this  view,  the  electro- 
lytic action  remains  the  same  whether  the  current  liberates  an 
equivalent  of  hydrogen  from  water,  or  an  equivalent  of  the  radical 
NH4  from  a  salt  of  ammonia.  The  question  which  I  proposed  to 
solve  was,  whether  this  action  is  only  attendant  on  currents  of  certain 
strength,  or  whether  it  takes  place  proportionately  with  the  weakest 
currents. 

In  order  to  apply  very  weak  currents  to  electrolytic  processes,  and 
yet  to  separate  a  quantity  of  substance  sufficient  for  weighing,  it  was 
necessary  that  a  galvanic  battery  should  be  arranged  as  to  give 
a  weak  but  perfectly  constant  current,  for  some  days  at  least.  None 
of  the  known  batteries  answered  this  pui'pose.  But  as  this  want  of 
uniform  action  in  the  so-called  constant  batteries  arises  more  from 
deteriorating  influences,  than  from  the  principle  of  their  construction, 
I  tried  to  obviate  the  former  as  much  as  possible,  and  I  succeeded 
best  by  a  modification  of  DanielPs  battery.  A  little  loss  of  power 
is  produced  in  this  battery  by  the  zinc  being  gradually  converted  by 
the  surrounding  acid  into  sulphate  of  zinc. 

This  evil  may,  however,  as  is  well  known,  be  easily  avoided  by 
filling  the  zinc  cell  at  once  with  sulphate  of  zinc.  It  is  true  that  the 
resistance  to  conduction  is  increased  in  this  way,  but  this  is  scarcely 
worth  consideration  with  a  current  which  has  to  traverse  a  long 
distance.  The  principal  cause  of  variation  in  DanielPs  battery 
when  cun-ents  of  long  duration  but  small  power  are  required,  is 
caused  by  the  copper  solution  gradually  passing  over  by  endosmosis 
into  the  zinc  solution.  Not  only  is  copper  precipitated  chemically  by 
this  means,  and  consequently  the  equivalent  amount  of  zinc  lost  for 
the  process ;  but  the  copper  precipitated  on  the  surface  of  the  zinc  of 
course  alters  the  state  of  the  surface  of  the  electro-positive  metal, 
while  it  gives  rise  at  the  same  time  to  secondary  currents,  which 
hasten  the  precipitation  of  copper  and  consequent  loss  of  zinc. 

These  local  currents  are  moreover  the  cause  of  the  deposition  of 
copper  in  the  pores  of  the  cells,  and  of  its  appearing  even  on  the 
outer  surface  of  the  same. 

By  the  following  contrivance,  of  which  the  accompanying  sketch 
represents  a  section,  the  influence  of  endosmosis  was  reduced  to  a 
minimum. 

A  glass  vessel  with  ground  edges  is  provided  with  a  well-fitting 
cover  dd,  having  three  apertures,  into  which  are  introduced  three 
glass  tubes.  The  middle  one  rr,  which  should  be  as  wide  as  possible, 
is  closed  at  the  lower  end  with  bladder ;  of  the  two  other  tubes,  ss 
and  tt,  the  tube  ss  descends  into  a  layer  of  mercury  covering  the 
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bottom  of  the  vessel,  while  the 
other  //  has  its  lower  aperture  at 
the  sulphate  of  zinc,  so  that  the 
liquid  moistens  the  porous  dia- 
phragm of  the  tube  rr.  In  this 
tube  a  solution  of  sulphate  of 
copper,  together  with  some  ciys- 
tals,  is  introduced.  By  intro- 
ducing a  strip  of  copper  c  into 
the  tube  rr,  and  a  piece  of  zinc 
z  into  the  tube  ss,  and  connecting 
c  with  z,  by  means  of  a  con- 
ductor, a  perfectly  constant  cur- 
rent is  produced,  inasmuch  as 
the  mercury  continually  dissolves 
as  much  zinc  as  is  necessary  to 
keep  up  a  steady  action.  Eudos- 
mosis  is  certainly  not  quite  pre- 
vented by  this  arrangement ;  but 
it  takes  place  very  slowly,  the 
zinc  solution  being  more  dense 
than  that  of  the  copper.  As  the  lower  extremity  of  the  zinc  is 
dissolved  by  the  mercury,  the  rod  gradually  falls.  In  order  to 
facilitate  the  renewal  of  the  sulphate  of  copper,  without  deranging 
the  current,  the  strip  of  copper  is  held  in  its  place  by  a  cork,  .which 
half  fills  the  opening.  The  tube  tt  serves  to  remove  from  time  to 
time  a  little  sulphate  of  zinc  by  means  of  a  pipette,  and  to  replace 
what  is  removed  by  water.  Batteries  of  this  description  have  been 
in  use  since  the  middle  of  July,  without  their  action  having  varied, 
up  to  the  1st  of  October,  and  without  the  necessity  of  disconnecting 
them ;  towards  the  middle  of  the  latter  mouth,  a  slight  diminution  of 
the  current  was  perceptible.  Upon  closer  examination,  it  was  found 
to  have  arisen  from  a  deposition  of  oxide  of  iron  in  the  pores  of 
the  bladder,  which  was  otherwise  perfect. 

Although  this  battery  when  in  action  presents  a  considerably 
greater  resistance  to  conduction  than  the  ordinary  DanielPs  bat- 
tery, it  is  nevertheless  well  adapted  for  working  the  electric  tele- 
graph, and  I  have  no  doubt  that,  when  once  applied  to  this  purpose, 
it  will  replace  all  other  arrangements. 

The  advantages  it  possesses  over  the  ordinary  DanielPs  battery 
may  be  easily  seen  from  the  following  experiment.  One  element  of 
the  latter  was  connected  with  one  wire  of  a  galvanometer  by  nieaus 
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of  two  wires  of  equal  length.  A  deflection  of  78°  was  produced  on 
the  galvanometer.  A  second  element  of  the  modified  construction, 
when  connected  with  the  other  wire  of  the  galvanometer,  caused 
a  deflection  of  77°-5. 

When  both  currents  were  passed  simultaneously,  but  in  opposite 
directions,  through  the  coil  of  the  galvanometer,  a  deflection  of  8°-5 
was  produced  in  favour  of  UanielPs  battery.  This  decreased  in 
two  hours  to  8°,  in  tvventy  hours  to  7°"5,  and  continued  constantly 
diminishing.  After  nine  days,  the  D an i ell's  battery  only  caused  a 
deflection  of  33°,  while  that  of  the  modified  arrangement  remained 
constant  at  77°'5. 

The  equivalent  of  zinc  electrolytically  consumed  for  a  current  of 
this  strength,  during  an  action  of  13085  minutes'  duration,  is 
164!*6  milligrammes.  The  actual  amount  consumed  in  the  constant 
battery,  however,  was  1140  milligrammes,  or  7  times  that  quan- 
tity, while  in  DanielTs  battery,  27700  milligranniies,  or  168  times 
the  quantity  of  zinc  were  consumed.  These  great  losses  were 
occasioned  by  local  actions,  and  would  consequently  appear  less 
considerable  with  stronger  currents.  The  constant  battery  described 
above  has  been  exclusively  used  for  the  following  experiments. 
One  and  the  same  pair  served  throughout  the  whole  investigation, 
which  lasted  several  months,  without  its  being  necessaiy  to  discon- 
nect them  once ;  nothing  was  done  to  them  excepting  that  from  time 
to  time  small  pieces  of  sulphate  of  copper  were  added. 

To  determine  the  relation  which  the  electrolytic  action  bears  to  the 
strength  of  current,  I  employed  a  neutral  solution  of  nitrate  of  silver. 
In  this  were  immersed  two  strips  of  chemically  pure  silver,  so  that 
under  the  influence  of  the  battery,  silver  was  dissolved  from  one  strip, 
while  it  was  deposited  upon  the  otlier.  For  the  pure  metal,  as  well 
as  for  a  perfectly  pure  and  neutral  solution  of  nitrate  of  silver,  I  am 
indebted  to  the  kindness  of  Professor  von  Liebig,  who  prepared 
both  himself  expressly  for  this  investigation.  The  alteration  of  the 
strength  of  the  current  was  effected  by  interposing  wires  of  various 
lengths.  For  this  purpose  I  employed  two  copper  wires,  perfectly 
equal  and  very  thin,  of  such  a  length  that  each  presented  a  resistance 
to  conduction  equal  to  that  caused  by  a  silver  wire  of  1-5  millimetres 
in  thickness  and  1,800,000  metres  in  length.  It  is  evident  that, 
in  comparison  to  such  an  immense  resistance,  that  of  the  galvanic 
element,  together  with  that  of  the  decomposing  cell,  would  form 
only  a  small  fraction.  Both  were,  however,  specially  measured,  and 
it  was  found  that  together  they  only  were  equal  to  TTTr^h  of  that  pro- 
duced by  the  whole  length  of  wire.     According  as  the  wires  r  and  r 
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were  introduced  successively,  or  singly,  or  both  together  (representing 
a  wire  of  double  section)  into  the  galvanic  circuit,  three  currents  were 
produced,  the  strength  of  which  bore  almost  exactly  the  proportion  of 
1:2:4.  The  weight  of  silver  electrically  deposited  bore  the  same 
proportion,  as  will  be  seen  from  the  following  table : 

Resistance  of  the     Duration  of  Weight  of  deposited  silver  in  milligrammes  : 

wire.  current.  Found.     Calculated  for  6000  minutes. 

r  +  r'  2547  minutes  55-5  130-74 


r 
r 

r  +  r 


1393   „       60-1       258-87 
1411   „      60-95      259  17 

720   „       62-2       518-33 


The  weakest  current  employed  was  capable  of  precipitating  in 
100  hours  130-74  milligrammes  of  silver.  The  equivalent  amount  of 
hydrogen  is  1*2  milligrammes,  or  13-42  cub.  cent.,  which  quantity 
would  therefore  have  been  liberated  by  the  same  current  in  100  hours. 
This  gas  being  somewhat  soluble  in  water,  as  well  as  in  acids  and  in 
solutions  of  salts,  it  is  evident  why  the  electrolysis  of  water  by  weak 
currents  has  escaped  observation,  and  why  some  physicists  have  been 
led  to  believe  that  water  can  conduct  small  quantities  of  electricity 
without  suffering  decomposition. 

In  oi'der  to  ascertain  whether  the  decomposing  power  of  weak 
currents  is  the  same  in  different  parts  of  the  circuit,  two  cells  filled 
with  silver  solution  of  the  same  composition  were  connected  by  the 
whole  length  of  wire  r  +  /  with  the  constant  battery.  The  current 
was  passed  with  unvarying  strength  for  nearly  9  days,  or  12538 
minutes.     The  following  were  the  i-esults  : 

1st.  cell.  Loss  of  weight  of  the  positive  silver  strip   =267     mllgrms. 

Gain  of  weight  of  the  negative  silver  strip  =266-6       „ 
2nd.  „     Loss  of  weight  of  the  positive  silver  strip   =  267*6       „ 

Gain  of  weight  of  the  negative  silver  strip  =267*4       „ 

1  cub.  cent,  of  the  solution  employed  contained  25  milligrammes  of 
neutral  nitrate  of  silver. 

To  ascertain  whether  the  state  of  concentration  of  the  fluid  had  any 
influence,  a  more  dilute  solution  was  prepared,  of  which  1  cub.  cent, 
contained  10  milligrammes  of  salt.  Two  cells  filled  with  these  solu- 
tions were  introduced,  together  with  the  wire  r,  into  the  circuit.  The 
experiment  lasted  51-5  hours.  After  this  time,  the  negative  strip  of 
silver  in  the  stronger  solution  had  gained  124-66  milligrammes  in 
weight ;  while  the  corresponding  strip  in  the  more  dilute  solution  had 
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gained  124*16  milligrammes.  The  state  of  dilution  has  therefore  no 
influence  on  the  results  of  the  electrolysis. 

To  obtain  comparative  results,  it  is  necessaiy  that  the  solutions 
should  be  perfectly  pure. 

Less  silver  is  apparently  deposited  from  acid  solutions  than  is  re- 
quired by  the  law,  and  in  alkaline  solutions  of  cyanide  of  silver,  some 
of  the  precipitated  silver  is  also  redissolved. 

When  the  weakest  current  was  employed,  that  is,  when  the  whole 
length  of  wire  r  +  r  was  included,  the  amount  of  silver  dissolved  in 
10  hours  was  greater  than  that  deposited.  Acid  solutions  of  sulphate 
of  copper  likewise  yield,  on  galvanic  decomposition,  too  little  copper  ; 
this  is  caused  by  the  simultaneous  action  of  the  atmospheric  oxygen 
and  of  the  free  acid  on  the  negative  copper  plate. 

When  a  galvanic  current  was  passed  at  the  same  time  through  a 
perfectly  pure  neutral  solution  of  sulphate  of  copper,  and  through 
a  solution  of  nitrate  of  silver,  the  results  of  the  electrolysis  of  these 
two  solutions  showed  a  close  coincidence  in  the  metals  deposited.! 
The  following  are  a  few  of  the  numbers  obtained  : 

Duration  of         Amount  of 
experiment  in  silver  in  Amount  of  copper  :  Strength  of 

minutes.         milligrammes.  Found.  Calculated.  current. 

2669  107-4  33-9               31-44  1-85 

1236  534-5  157-9  156-5  19-88 

1397  683-85  2006  200-2  22-5 

1029  535-7  157-6  15682  24-5 

458  862-4  257-8  252-5  86-6 

The  strength  of  the  current  produced  when  the  whole  length  of 
wire  r  +  r  was  introduced,  has  been  assumed  as  the  unit  of  strength. 
After  each  experiment  was  ended,  the  copper  was  deposited  on  a  strip 
of  platinum,  was  freed  from  adhering  sulphate  by  washing  with  boiled 
water,  and  then  dried  i7i  vacuo  over  concentrated  snlphuric  acid.  It 
was  always  covered  with  a  thin  coating  of  suboxide,  from  which  it 
was  freed  by  ignition  in  a  current  of  hydrogen.  In  order  to  prevent 
this  oxidation  of  the  copper  as  much  as  possible  during  the  experi- 
ment, the  solution  was  previously  freed  from  air.  Some  decompo- 
sitions were  effected  entirely  under  the  air-pump.  During  the 
experiment,  hydrogen  was  frequently  passed  through  the  solution ; 
none  of  these  precautions  were  however  quite  effectual.  Even  that 
copper  which  had  been  ignited  in  hydrogen,  and  was  consequently 
perfectly  pure,  soon  became  covered  with  a  thin  film  of  oxide,  some- 
times even  during  the  time  occupied  in  weighing. 
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The  facility  with  which  galvanically  deposited  copper  absorbs 
oxygen  from  the  air,  is  the  reason  why  in  all  cases  a  Httle  more 
copper  was  obtained  than  corresponds  to  the  equivalent  of  silver. 

It  would  scarcely  be  possible  to  prove  the  law  of  definite  electro- 
lytic action  with  other  bodies  capable  of  galvanic  decomposition  as 
readily  as  with  copper-  or  silver-salts.  I  consider  myself  however 
justified  in  concluding,  from  the  foregoing  experiments,  that  wherever 
deviations  from  the  law  have  been  observed,  they  have  been  caused 
by  local  actions,  which,  however,  it  may  not  always  be  possible  to 
obviate. 


VII. — Analytical  Notes. 

By  a.  B.  Northcote  and   A.  H.  Church. 

1 .    On  the  Action  of  Caustic  Potash  on  the  Phosphates. 

Experiments  were  undertaken  on  this  subject  with  the  view  of 
discovering  a  better  method  than  that  generally  adopted  for  esti- 
mating phosphoric  acid, — the  results  obtained  when  the  iron  preci- 
pitate suspected  to  contain  phosphoric  acid  is  dissolved  in  hydrochloric 
acid,  the  solution  treated  with  tartaric  acid  and  ammonia,  and  subse- 
quently, a  salt  of  magnesia  added  to  precipitate  the  phosphoric  acid, 
being  frequently  found  to  give  erroneous  conclusions,  because  the 
tai'taric  acid  solution  often  produces  a  precipitate  in  magnesia-salts, 
probably  of  ammonio-tartrate  of  magnesia,  without  a  trace  of  phos- 
phoric acid  being  present. 

It  has  hitherto  been  supposed  that  the  phosphate  of  sesquioxide  of 
iron  is  but  imperfectly  attacked  by  solutions  of  the  caustic  alkalies,  but 
the  extent  of  the  decomposition  which  can  be  thus  effected  had  not 
been  submitted  to  a  careful  experimental  inquiry. 

From  the  authors'  experiments  it  appears  that  by  boiling  the 
precipitate  of  iron  with  a  sufficient  excess  of  potash,  the  phosphoric 
acid  is  com])letely  transferred  to  the  latter  base ;  this  method  of 
proceeding  is  therefore  recommended  in  the  quantitative  determi- 
nation of  phosphoric  acid.  It  is  proposed  that  the  alkaline  solution 
be  deprived  of  alumina  which  might  be  introduced  with  the  potash, 
by  the  addition  of  silicate  of  potash,  and  subsequently  of  excess  of 
hydrochloric  acid  and  annnonia.  The  filtered  solution  wdl  then  con- 
tain the  whole  of  the  phos])horic  acid,  which  may  be  readily  precipi- 
tated by  a  salt  of  magnesia. 
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2.   On  the  behaviour  of  some  Oxides  with  Caustic  Potash  in  the 
presence  of  Oxide  of  Chromium. 

The  influence  of  the  association  of  sesquioxide  of  chromium  with 
metallic  oxides,  which  by  themselves  are  insoluble  in  solution  of 
caustic  potash,  is  well  known ;  the  insoluble  oxides  being,  in  some 
eases,  rendered  soluble  when  thus  associated,  while  in  the  other  cases, 
they  communicate  their  insolubility  to  the  otherwise  soluble  oxide  of 
chromium. 

The  object  of  the  inquiry  instituted  with  reference  to  these  results 
was  to  ascertain  the  exact  conditions  under  which  complete  solution  or 
precipitation  of  the  associated  oxides  occurs.  It  was  found  that  com- 
plete solution  takes  place  when  the  chromium,  as  sesquioxide,  is 
associated  with  40  percent  of  iron,  as  sesquioxide,  with  12*5  per  cent 
of  manganese,  20  per  cent  of  cobalt,  or  25  per  cent  of  nickel,  as 
protoxides ;  and  that  complete  precipitation  takes  place  when  the 
chromium,  as  sesquioxide,  is  associated  with  80  per  cent  of  iron, 
60  per  cent  of  manganese,  50  per  cent  of  cobalt,  or  50  per  cent  of 
nickel,  as  protoxide.  When  cobalt  and  nickel,  however,  are  thus 
rendered  soluble,  the  result  is  not  permanent;  and  ultimately,  not 
only  does  the  oxide  of  cobalt  or  nickel  become  insoluble,  but  it 
carries  down  with  it  some  of  the  oxide  of  chromium. 

The  other  metallic  oxides  soluble  in  caustic  potash  were  not  found 
to  be  influenced  in  their  relations  with  caustic  potash  by  the  pre- 
sence of  sesquioxide  of  iron,  or  to  exert  any  influence  upon  that  oxide. 
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January   17,   1853. 

Dr.  Daubeny,  President,  in  the  Chair. 

John   Carty,  Esq.,  of  Bond  Street,  was  duly  elected  a  Fellow  of 
the  Society. 

Dr.  Miller  described  a  new  form  of  Pipette  for  transferring  gases. 
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Dr.  H.  Bence  Jones  explained  a  new  process  which  he  has 
recently  proposed  for  dissolving  Calculi  in  the  Bladder  through  the 
agency  of  Electricity. 


February  7,   1853. 
Colonel  Philip  Yorke,  Vice-President,  in  the  Chair. 
The  following  donations  were  announced  : 

"  Denkschriften  der  kaiserlichen  Akademie  der  Wissenschaften :" 
Vol.  Ill,  Parts  1  and  3. 

"  Sitzungsberichte  der  kaiserlichen  Akademie  der  Wissenschaften:" 
Vol.  VII,  Parts  3,  4,  and  5  ;  and  Vol.  VIII,  Parts  1,  2  and  3  :  from 
the  Imperial  Academy  of  Vienna. 

"  Berichte  iiber  die  Mittheilungen  von  Freunden  der  Naturwissen- 
schaften  in  Wien;"  von  Wilhelm  Haidinger:  Vllter  and  letzter 
Band. 

"  Naturwissenschaftlische  Abhandlungen,  gesammelt  und  durch 
Subscription  herausgegeben  ;"  von  Wilhelm  Haidinger:  Vol.  IV, 
in  4  Parts  :  from  the  Author. 

"Abhandlungen  der  mathemat  -physikalischen  Classe  der  koniglich- 
bayerischen  Akademie  der  Wissenchaften,^'  Vol.  VI,  Parts  3  and  3  ; 
from  the  Royal  Academy  of  Bavaria. 

"  Ueber  die  Siedepunkte  mehrerer  alkoholhaltiger  Fliissigkeiten 
und  die  darauf  gegrlindeten  Verfahren,  &c.,"  von  J.  J.  Pohl. 

"  Nachtrag  zur  thermo-araometrischen  Bierprobe,"  von  J.  J. 
Pohl. 

"  Beitrag  zur  Statistik  des  Studiums  der  Chemie  am  k.  k.  polytech- 
nischen  Institute  zu  Wien  :"  von  J.  J.  Pohl. 

"  Physikalish-chemische  Notizen,"  von  J.  J.  Pohl. 

"  Ueber  die  Zusammensetzung  und  Eigenschaften  zweier  Legier- 
ungen  von  Zinn  und  Blei,"  von  J.  J.  Pohl. 

"  Ei-mittclung  des  technischen  Werthes  der  KartofFeln,"  von 
J.  J.  Pohl  :  from  the  Author. 

"Barometrical  Tables,"  by  J.  J.  Pohl  and  J.  Schabus. 

"  Calendar  of  the  Flora  of  Prague  during  an  observation  of  nearly 
ten  years,"  by  Karl  Fritsch:  from  the  Author. 

"  A  new  Theory  of  the  Central  Heat  of  the  Earth,  &c." 

"  On  the  Cause  of  the  Phenomena  exhibited  by  the  Geysers  of 
Iceland,"  and  other  pamphlets,  by  Stevenson  Macadam:  from 
the  Author. 

"  Proceedings  of  the  American  Philosophical  Society  :"  from  the 
Society. 

"The  Journal  of  the  Society  of  Arts  :"  from  the  Society. 

Frank  Clarke    Hill,    Esq.,  of   the  Chemical   Works,    Dcptford ; 
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Dr.  Marcet,  of  88,  Cadogan  Place;  and  J.  J.  Pohl,  Esq.,  Professor 
of  Applied  Chemistry  in  the  Polytechnic  School  of  Vienna,  were  duly 
elected  Fellows  of  the  Society. 
A  paper  was  read : 

"  On  the  Mode  of  Estimating  the  Value  of  Red  Prussiate  of  Potash, 
and  of  Testing  the  strength  of  Bleaching  Liquors,"  by  Francis 
Lieshing, 


February  21,   1853. 
Dr.  Daub e NY,  President,  in  the  Chair. 

Alfred  Coleman,  Esq.,  Bridgefield,  Wandsworth  ;  John  Gotch 
Hepburn,  L.L.B.,  Clapham  ;  Stevenson  Macadam,  Esq.,  Phi- 
losophical Institution,  Edinburgh;  and  George  Foord,  Esq.,  Mel- 
bourne, were  duly  elected  Fellows  of  the  Society. 

The  President  declared  the  names  of  the  Ofl&cers  and  other 
Members  of  Council  proposed  by  the  Council  to  retire  from  Office, 
and  of  the  Officers  and  other  Members  of  Council  proposed  to  be  sub- 
stituted for  them  at  the  ensuing  Anniversary  Meeting. 

Mr.  John  Arthur  Phillips  made  a  communication  on  the  sub- 
ject of  Ancient  Metallurgy. 


March  7,   1853. 

Professor  Graham  in  the  Chair. 

Alfred  Coleman,  Esq.,  was  admitted  a  Fellow  of  the  Society. 
William  Crowder,  Esq.,  21,  Northumberland  Street,  Newcastle- 
on-Tyne;  Dr.  William  Charles  Henry,  F.R.S.,  of  Hatfield,  near 
Ledbury;  and  Christopher  R.  James,  Esq.,  of  Ebbw  Vale  Iron 
Works,   Abergavenny,  were  duly  elected  Fellows  of  the  Society. 

Mr.  Redwood  made  a  communication  on  the  Optical  Properties  of 
the  Alkaloids  found  in  the  Cinchona  Barks,  and  on  some  facts  re- 
cently elicited  relating  to  the  History  of  Racemic  Acid. 


March  21,   1853. 

Dr.  DaubenYj  President,  in  the  Chair. 

H.  Pollock,  Esq.,  of  Queen  Square  House,  Guildford  Street,  was 
duly  elected  a  Fellow  of  the  Society. 

Dr.  Williamson  made  a  communication  on  the  Atomic  Theory. 


NOTICES 


PAPERS   CONTAINED   IN   OTHER  JOURNALS. 


Ou  a  new  series  of  Organic  Bodies  containing?  Hetals. 
By   Br.   E.   Fraukland. 

(From  the  "  Philosophical  Transactions,"  abstracted  by  the  Author.) 

Under  the  above  title,  I  described  more  than  three  years  ago  some 
preliminary  experiments,*  which  proved  the  existence  of  certain 
organic  compounds  highly  analogous  to  cacodyl,  and  like  that  body, 
consisting  of  a  metal,  or  in  some  cases  of  phosphorus,  associated  with 
the  groups  Co  H3,  C^.  H5,  &c.,  and  possessing,  in  some  instances, 
highly  remarkable  powers  of  combination.  I  fixed  the  composition, 
and  studied  some  of  the  reactions  of  two  of  these  bodies,  to  which 
the  names  zinc-methyl  (Co  H3  Zn)  and  zinc-ethyl  (C^  li-  Zn),  were 
provisionally  assigned,  besides  giving  methods  for  procuring  similar 
compounds  containing  tin,  arsenic  and  phosphorus,  by  acting  upon 
the  iodides  of  the  alcohol-radicals  with  these  elements,  and  expressing 
a  belief,  founded  upon  the  similarity  of  functions  existing  between 
hydrogen  and  the  groups  of  the  form  C„  H(n+i),  that  most,  if  not  the 
whole,  of  the  compounds  contained  in  the  following  series  might  be 
formed,  those  marked  thus  *  being  at  that  time  already  known. 


Hydrogen 
series. 

Methyl 
series. 

Ethyl 
series. 

Butyl 
series. 

Valyl 
series. 

Amyl 
series. 

Phenyl 
series. 

Znll 

As  U* 

Sb  h;* 

P    It* 

Zn  C0H3* 

As  (c;ii3)„* 

Sb  (0,113)3 

P     (C2ll3)3* 

Zn    C.,115* 
As  (C,Il5)o 

Sb  (c.iij); 

P     (C4H5)3 

Zn   Cr,H; 
As  (C,,II-)„ 
Sb  (C,,lll)' 

P      ^Cell;)3 

Zn  CsH,j 

As  (C,Il„)o 

Sb  (c,ii;,),; 

P  (C8n„)3 

Zn  CipH,, 
As(C,„II,j), 

Sb(C,oII„)3 

P  (C,oH„)3 

Zn  Ci.Hj 
As(C,:H,), 
Sb(C,,H,3)3 
P  (C,eH,3)3 

More  recently,  Lowig  and  Schweitzerf  have  commenced  labour- 

*  Ann.  Ch.  Phaim.  LXXJ,  213;  Cheni.  Soc.  Qu.  J.  II,  2'J7. 
t  Ann.  (Ml.  Pharni.  LXXV,  ai."). 
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ing  in  the  same  fiekl,  and  have  filled  np  one  of  the  gaps  in  the 
foregoing  table  by  the  formation  of  stibethyl,  Sb  (C4  H^).^,  by  acting 
upon  iodide  of  ethyl  with  an  alloy  of  antimony  and  potassium.  The 
same  chemists  state,  also,  the  probable  formation  of  similar  com- 
pounds containing  methyl  and  amyl  in  the  place  of  ethyl,  and 
bismuth  and  phosphorus  instead  of  antimony. 

The  agents  which  I  have  employed  in  the  formation  of  these 
organo-metallic  bodies  are  two — viz.  :  heat  and  light ;  in  many  cases, 
either  of  these  can  be  used,  in  others,  only  one  can  be  made  to  effect 
the  desired  combination,  whilst  more  rarely  the  assistance  of  both 
appears  to  be  essential.  In  those  experiments  in  which  heat  was 
employed,  the  materials  were  subjected  to  its  action  in  sealed  glass 
tubes,  about  12  inches  long,  and  varying  in  diameter  from  ^  inch 
to  1  inch,  the  thickness  of  the  glass  being  about  |  inch.  To  preserve 
the  gaseous  products  of  the  operation  in  a  state  of  perfect  purity  for 
subsequent  investigation,  the  tubes  were  well  exhausted  before  being 
sealed ;  they  were  then  immersed  to  about  half  their  depth  in  an  oil- 
bath,  and  heated  to  the  required  temperature.  In  cases  where  the 
influence  of  light  was  employed,  the  materials,  confined  in  tubes  of 
precisely  similar  dimensions,  were  exposed  to  the  sun's  rays,  concen- 
trated in  most  instances  by  an  18-inch  parabolic  reflector,  near  the 
focus  of  which  the  tubes  were  placed,  either  naked,  or  surrounded  by 
a  solution  of  sulphate  of  copper,  to  absorb  the  calorific  rays.  By 
this  arrangement,  the  light  and  heat  could  be  increased,  diminished, 
or  modified,  at  pleasure,  which  was  found  very  convenient  in  several 
of  the  operations. 

ACTION    OF    TIN    UPON    IODIDE    OF    ETHYL. 

When  iodide  of  ethyl  and  metallic  tin  are  exposed  to  the  action  of 
either  heat  or  light,  the  tin  gradually  dissolves  in  the  ethereal  liquid, 
which  finally  solidifies  to  a  mass  of  nearly  colourless  crystals.  This 
reaction  is  efi'ected  most  conveniently  by  the  action  of  light,  an 
excess  of  tin-foil,  cut  into  narrow  strips,  being  employed.  The  sealed 
tubes  containing  these  ingredients  should  be  placed  near  the  focus  of 
a  large  parabolic  reflector,  the  temperature  being  prevented,  if  neces- 
sary, from  rising  too  high,  by  immersmg  them  in  water,  or  in  a 
solution  of  sulphate  of  copper.  The  unconcentrated  rays  of  the 
sun,  or  even  diffused  daylight,  are  quite  suflicient  to  determine  the 
formation  of  the  crystalline  body ;  but  an  exposure  of  several  weeks, 
or  even  months,  would  be  necessary  for  the  completion  of  the 
change  which  is  effected  by  the  use  of  the  reflector  in  a  few  days  of 
bright  sunshine.  The  liquid  gradually  assumes  a  straw-yellow 
colour,  but  its  solidification  is  ju'evented  as  long  as  possible  at  the 
close  of  the  operation,  by  allowing  the  temperature  to  rise  to  35°, 
or  40°  C. ;   thus  nearly  the   whole  of  the  iodide  of  ethyl  becomes 
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united  with  tin.  When  heat  instead  of  light  is  employed  to  effect 
the  combination,  the  tubes  should  not  be  more  than  4  iiich  in 
diameter,  and  to  avoid  the  risk  of  explosion,  should  only  be  one- 
fourth  tilled  with  the  materials :  the  combination  takes  place  at  about 
180°  C.  The  agency  of  heat  is,  therefore,  much  less  convenient 
than  that  of  light  in  the  production  of  this  reaction,  which  is  also 
never  so  complete  as  when  the  latter  agent  is  employed.  I  have, 
howevei*,  satisfied  myself  that  the  results  are  the  same  in  both  cases. 

I.  Examination  of  Solid  Products. — The  capillary  extremities  of 
the  tubes  in  which  the  foregoing  reaction  has  taken  place  were  broken 
off,  under  sulphuretted  water,  and  beneath  a  jar  filled  with  the  same 
liquid  :*  the  gases  evolved  were  preserved  for  eudiometrical  investi- 
gation. The  crystalline  product  was  then  withdrawn  from  the  tubes, 
and  after  being  exposed  to  a  gentle  heat  for  a  few  minutes,  to  expel 
the  iodide  of  ethyl  that  had  escaped  combination,  was  treated  with 
alcohol,  in  which  the  crystals  readily  dissolved,  leaving  only  a  small 
residue  of  a  bright  red  colour,  which  proved  to  be  protoiodide  of 
tin.  The  filtered  alcoholic  solution  was  then  placed  over  sulphuric 
acid  in  vacuo,  where  it  soon  deposited  a  large  crop  of  long,  needle- 
like crystals,  which,  when  freed  from  the  mother-liquor,  washed  with 
a  small  quantity  of  dilute  alcohol,  dried  between  folds  of  bibulous- 
paper,  and,  finally,  over  sulphuric  acid  in  vacuo,  yielded  analytical 
results  corresponding  closely  with  the  formula : 

C.H.SnI. 

This  body  is,  therefore,  the  iodide  of  a  new  organo-metallic  radical, 
for  which  I  propose  the  name,  Stanethylium. 

Iodide  of  Stanethylium  crystallizes  in  transparent,  slightly  straw- 
coloured  needles,  which  are  right-rectangular  prisms,  frequently 
-pV  inch  broad,  and  2  or  3  inches  in  length.  They  are  very  soluble 
in  ether  and  in  boiling  alcohol,  less  so  in  cold  alcohol  and  in  water ; 
the  watery  solution  is  decomposed  on  boiling,  oxide  of  stanethylium 
being  precipitated,  and  hydriodic  acid  formed.  Iodide  of  stanethy- 
lium fuses  at  42°  C,  and  boils  at  240°  C,  undergoing,  at  the  same 
time,  partial  decomposition;  it  possesses  at  common  temperatures  a 
peculiar  pungent  odour,  somewhat  resembling  the  volatile  oil  of 
mustard,  and  which  irritates  the  eyes  and  lining  membrane  of  the 
nose,  causing  a  discharge,  which  continues  for  several  hours,  or  even 
days,  especially  if  the  vapour  from  the  heated  iodide  of  stanethylium 
be  inhaled ;  yet  this  compound  can  scarcely  be  said  to  be  volatile  at 
common  temperatures,  since  a  few  grains  may  be  exposed  to  the  air 
for  several  weeks  without  any  appreciable  loss  of  weight. 

Oxide  of  Stanethi/lium. — In  contact  with  solutions  of  the  alkalies, 
iodide  of  stanethylium  is  immediately  decomposed,  oxide  of  stan- 
ethylium and  an  alkaline  iodide  being  formed : 

*  Chem.  Soc.  Qu.  J.  II,  267. 
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C^HsSun     _     fC^H^SnO. 


}M 


KO       /    ~    I        KI 

With  solutions  of  potash  and  soda,  the  oxide  of  stanethylium 
dissolves  in  an  excess  of  the  precipitant,  but  is  reprecipitated, 
unchanged,  by  cautious  neutralization.  The  precipitated  oxide  is 
almost  completely  insoluble  in  an  excess  of  ammonia,  A  quantity 
of  the  oxide  of  stanethylium,  prepared  by  precipitation  with  an  excess 
of  ammonia,  and  submitted  to  analysis,  yielded  results  agreeing  with 
the  above  formula. 

Oxide  of  stanethylium  presents  the  appearance  of  a  somewhat 
cream-white  amorphous  powder,  closely  resembling  peroxide  of  tin, 
but  less  heavy  than  that  oxide;  it  has  a  peculiar,  though  slight 
ethereal  odour,  and  a  bitter  taste ;  it  is  insoluble  in  water,  alcohol 
and  ether,  but  readily  dissolves  in  solutions  of  the  acids,  and  of  the 
fixed  alkalies ;  with  acids  it  forms  salts,  which  are,  however,  for  the 
most  part  difficultly  crystallizable ;  those  with  strong  acids  exhibit  an 
acid  reaction.  The  nitrate  deflagrates  when  heated  to  about  120°  C, 
and  on  the  application  of  a  higher  heat  becomes  pure  peroxide  of 
tin.  The  salts  of  the  oxide  of  stanethylium  behave  with  reagents  so 
nearly  like  the  salts  of  peroxide  of  tin,  that  the  two  are  very  difficult 
to  distinguish  from  each  other. 

Sulphide  of  Stanethylium. — When  sulphuretted  hydrogen  is  passed 
through  an  acid  solution  of  a  salt  of  stanethylium,  a  cream-coloured 
precipitate  falls,  which  is  insoluble  in  dilute  acids  and  ammonia,  but 
soluble  in  concentrated  hydrochloric  acid,  solutions  of  the  fixed 
alkalies  and  alkaline  sulphides;  from  its  solutions  in  the  fixed 
alkalies  and  alkaline  sulphides  it  is  reprecipitated  unchanged  on  the 
addition  of  an  acid.  Its  formula  is  C^  Hj  Sn  S,  and  it  is  produced 
by  the  following  reaction  : 

C^HgSnOl     _     rC^HgSnS 


}M 


HS       /    ~    I      HO. 

Sulphide  of  stanethylium  presents  the  appearance  of  an  amorphous 
cream-coloured  powder,  having  a  pungent  and  very  nauseous  smell, 
resembling  that  of  decaying  horseradish ;  when  heated  it  fuses, 
froths  up  and  decomposes,  emitting  vapours  of  a  most  insupportable 
odour.  Heated  with  nitric  acid  it  is  decomposed,  with  the  formation 
of  peroxide  of  tin. 

Chloride  of  Stanethylium,  C^  H^  Sn  CI. — This  salt  is  best  pre- 
pared by  dissolving  oxide  of  stanethylium  in  dilute  hydrochloric 
acid ;  on  evaporation  at  a  gentle  heat  or  over  sulphuric  acid  in  vacuo, 
the  chloride  crystallizes  out  in  long  colourless  needles,  isomorphous 
with  the  iodide,  which  salt  it  also  closely  resembles  in  all  its  proper- 
ties ;  it  is,  however,  more  volatile,  and  therefore  emits  a  more 
intensely  pungent  and  irritating  odour  than  the  iodide. 

Stanethylium.. — AVhcn  a  strip  of  zinc  is  immersed  in  a  solution  of 
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a  salt  of  stanethylium  (a  solution  of  the  chloride  of  stanethylium  is 
the  best  for  this  purpose),  it  speedily  becomes  covered  with  dense 
oily  drops  of  a  yellow  colour,  which  finally  separate  from  the  lower 
extremity  of  the  zinc,  and  accumulate  at  the  bottom  of  the  vessel ; 
the  formation  of  the  oily  liquid  is  much  favoured  by  gentle  heat. 
The  yellow  oil,  weW  washed  with  water,  dried  over  chloride  of  calcium, 
and  submitted  to  analysis,  yielded  results  agreeing  with  the  formula 
C^  Hj  Sn,  and  showing  that  stanethylium  is  formed  by  the  following 
simple  reaction  : 

C^HjSnCn     _     rC^HgSn 
Zn         i     ~    I    ZnCl. 

Stanethylium  is  a  thick,  heavy,  oily  liquid,  of  a  yellow  or 
brownish-yellow  colour  and  an  exceednigly  pungent  odour,  resem- 
bling that  of  its  compounds,  but  much  more  powerful.  It  is  inso- 
luble in  water,  but  soluble  in  alcohol  and  ether.  At  abou.t  150°  C. 
it  enters  into  ebullition,  a  quantity  of  metallic  tin  is  deposited,  and  a 
colourless  liquid  distils  over,  having  a  peculiar  odour,  containing  a 
considerable  quantity  of  tin  and  exhibiting  no  tendency  to  combine 
with  iodine  or  bromine.  I  have  not  yet  further  examined  this  liquid; 
but  it  possibly  consists  of,  or  contains,  bmethide  of  tin,  Sn  (C^  115)2. 
In  contact  with  air,  stanethylium  rapidly  attracts  oxygen,  and  is 
converted  into  a  white  powder,  which  has  all  the  properties  of  oxide 
of  stanethylium.  Chloride,  iodide  and  bromide  of  stanethylium,  are 
instantaneously  formed  by  the  action  of  chlorine,  iodine  and  bromine, 
or  their  hydrogen  acids,  respectively,  upon  stanethylium;  the  two 
first  are  in  every  respect  identical  with  the  salts  above  described,  and 
the  bromide,  which  closely  resembles  them,  yielded  analytical  results 
in  hai'mony  with  the  formula 

C^  H5  Sn  Br. 

Thus,  stanethylium  perfectly  resembles  cacodyl  in  its  reactions, 
combining  directly  with  the  electro-negative  elements,  and  regenerat- 
ing the  compounds  from  which  it  has  been  derived. 

11.  Euaminatiun  of  Gaseous  Products. — The  examination  of  the 
gases  evolved  on  opening  the  tubes  in  which  iodide  of  ethyl  and  tin 
had  been  exposed  to  the  action  of  heat  or  light,  showed  that  they 
consisted  of  hydride  of  ethyl  and  olefiant  gas,  in  proportions  indicated 
by  the  following  ])ercentage  numbers : 


Hydride  of  Ethyl.       . 

Olefiant  gas 

Nitrogen   .... 

10000  10000 

The   presence  of  hydi-ide  of  ethyl  and  olefiant  gas,  amongst  the 


1.  and  II. 

III. 

81-61 

81-43 

16-82 

17-28 

1-57 

1-29 
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products  of  the  action  of  heat,  or  hght,  upon  iodide  of  ethyl  and  tin, 
shows  that  the  direct  combination  of  these  latter  bodies  is  not  the 
only  reaction  which  takes  place,  but  that  a  portion  of  the  iodide  of 
ethyl  is  also  decomposed  by  the  tin,  with  the  production  of  iodide  of 
tin  and  ethyl,  the  latter  body  being  transformed,  at  the  moment  of 
its  liberation,  into  hydride  of  ethyl  and  olefiant  gas,  a  catalysis  to 
which  this  radical  is  so  prone. 

2  Sn       r    ~ 

The  large  excess  of  hydride  of  ethyl  exhibited  in  the  above  analy- 
tical results,  may  have  been  caused,  either  by  the  greater  solubility  of 
olefiant  gas  in  iodide  of  ethyl  (a  further  and  considerable  amount  of 
gas  being  expelled  from  the  tubes  by  a  gentle  heat),  or  by  the 
presence  of  moisture  in  the  materials,  which  would  give  rise  to  the 
formation  of  oxyiodide  of  tin  and  hydride  of  ethyl. 

C4HJ]  rC,H,H 

2  Sn  J  L  Sn  0  +  Sn  I. 

Both  these  causes  probably  contributed  to  produce  the  excess  of 
hydride  of  ethyl ;  but  the  very  small  am.ount  of  gaseous  products 
compared  with  the  solid  ones,  shows  that  the  production  of  the 
former  is  only  an  accidental  circumstance,  which,  however  it  may  be 
interpreted,  does  not  at  all  affect  the  principal  reaction — viz. :  the 
formation  of  iodide  of  stanethylium. 

%T/^}  ^C.H^Snl. 

Stanmethylium  and  Stanamylium,  are  formed  when  the  iodides 
of  methyl  and  amyl,  respectively,  are  exposed  to  the  action  of  light  in 
contact  with  tin.  Their  salts  are  isomorphous  with  those  of  stan- 
ethylium ;  but  I  have  not  completed  the  investigation  of  these  bodies. 

ACTION    OF    ZINC    UPON    IODIDE    OF    METHYL. 

When  iodide  of  methyl  and  zinc  are  exposed  to  a  temperature  of 
about  150°  C,  in  a  sealed  tube,  the  zinc  gradually  dissolves,  with  the 
evolution  of  gas,  whilst  a  mass  of  white  crystals,  and  a  colourless 
mobile  liquid  occupy,  after  a  few  hours,  the  place  of  the  original 
materials.  The  gas  evolved  on  breaking  off  the  capillary  extremity 
of  the  previously  exhausted  tube,  was  collected  and  preserved  over 
sulphuretted  water.  I  will  refer  to  this  gas  again,  under  the  name 
of  a.  On  cutting  off  the  upper  portion  of  the  tube,  and  pouring 
cold  distilled  water  upon  the  mobile  liquid  and  white  mass  of  crystals 
just  mentioned,  a  very  violent  action  ensued,  and  a  column  of  flame, 
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several  feet  high,  shot  up  momentarily  from  the  mouth  of  the  tube ; 
but  the  action  soon  became  more  moderate,  and  a  cork  and  gas- 
deHvering  tube  being  fitted  into  the  decomposition-tube,  the  gas  was 
collected  and  preserved.     I  will  call  this  second  gas  /3. 

ZiNCMETHYLiuM. — From  a  preliminary  experiment,  it  was  ascer- 
tained that  the  gas  evolved  on  opening  the  decomposition-tube 
possessed,  before  contact  with  water,  a  most  insupportable  and  very 
peculiar  odour,  and  that  when  ignited  it  burnt  with  a  greenish-blue 
flame,  producing  dense  white  fumes ;  when  a  porcelain  plate  was 
held  in  this  flame,  it  immediately  became  coated  with  a  jet-black 
deposit,  surrounded  with  a  white  ring ;  this  black  deposit  dissolved 
in  dilute  hydrochloric  acid,  with  evolution  of  hydrogen  gas,  and  the 
solution  was  found  to  contain  chloride  of  zinc.  Hence,  it  was  evident 
that  a  gaseous,  or  volatile  compound  of  zinc,  was  present  amongst 
the  pi'oducts  of  decomposition,  and  this  was  soon  found  to  reside  in 
the  mobile  liquid  above  mentioned ;  for  on  inverting  the  tube,  and 
allowing  a  few"  drops  of  the  liquid  to  escape,  it  inflamed  sponta- 
neously the  instant  it  came  in  contact  with  the  air,  and  produced  by 
its  combustion  large  quantities  of  oxide  of  zinc.  In  order  to  obtain 
this  liquid  in  a  state  of  purity,  another  tube  was  charged  with  iodide 
of  methyl  and  excess  of  zinc,  and  subjected  to  a  heat  of  150°  to 
160°  C,  until  every  trace  of  iodide  of  methyl  was  decomposed.  The 
drawn-out  extremity  of  the  tube  being  broken  ofi",  the  included  gas 
was  allowed  to  escape,  and  the  liquid  contents  were  then  separated 
from  the  solid  ones  by  distillation  at  a  gentle  heat,  in  an  atmosphere 
of  dry  hydrogen.  The  analytical  operations  upon  this  liquid  proved 
it  to  be  a  new  radical,  for  which  zincmethylium  (C2  H3  Zn)  will  be  a 
convenient  name,  and  that  it  is  formed  by  the  following  reaction : 

C0H3I-1    _     fCHgZu 
2Zn    /    -     l    Znl. 

Zincmethylium  is  a  colourless,  transparent  and  very  mobile  liquid, 
refracting  light  strongly,  and  possessing  a  peculiar,  penetrating  and 
insupportable  odour ;  it  is  very  volatile,  but  I  have  not  yet  been  r.ble 
to  determine  its  boiling-point  with  accuracy.  Zincmethylium  com- 
bines directly  with  oxygen,  chlorine,  iodine,  &c.,  forming  somewhat 
unstable  compounds,  a  description  of  which  I  reserve  for  a  future 
comnumication.  Its  affinity  for  oxygen  is  even  more  intense  than 
that  of  potassium ;  in  contact  with  atmospheric  air  it  instantaneously 
ignites,  burning  with  a  beautiful  greenish-blue  flame,  and  forming 
white  clouds  of  oxide  of  zinc  ;  in  contact  with  pure  oxygen,  it  burns 
with  explosion,  and  the  presence  of  a  small  quantity  of  its  vapour  in 
combustible  gases,  gives  them  the  property  of  spontaneous  inflamma- 
bility in  oxygen.  Thrown  into  water,  zincmethylium  decomposes 
that  liquid  with  explosive  violence,  and  with   the  evolution  of  heat 
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and  light;  when  the  action  is  moderated,  the  sole  products  of  the 
decomposition  are  oxide  of  zinc  and  hydride  of  methyl. 
C,  H3  Zn  i  f  C.  H,  H 


}  =  { 


HO      J    -    I   ZuO. 

The  extraordinary  affinity  of  zincmethylium  for  oxygen  and 
electro-negative  elements  in  general,  its  peculiar  composition,  and  the 
facility  with  which  it  can  be  procured,  cannot  fail  to  cause  its  employ- 
ment for  a  great  variety  of  transformations  in  organic  compounds. 
By  its  agency,  there  is  every  probability  that  we  shall  be  able  to 
replace  oxygen,  chlorine,  &c.,  atom  for  atom,  by  methyl,  and  thus, 
produce  an  entirely  new  series  of  organic  compounds,  and  obtain 
clearer  views  of  the  constitution  of  others.  I  intend  to  pursue  this 
branch  of  the  subject  whilst  studying  the  compounds  of  zincmethyl- 
ium, and  the  corresponding  bodies  containing  ethyl  and  amyl. 

An  examination  of  the  gas  a,  proved  it  to  consist  of  equal  volumes 
of  methyl  (Cg  H3),  and  hydride  of  methyl  (C2  H.^,  H)  :  no  trace  of 
the  first  term  of  the  olefiant  gas  series  (C2  H2)  was  present,  although 
the  analogous  decomposition  of  the  iodides  of  ethyl  and  amjd  by 
zinc,*  led  me  to  search  very  carefully  for  it.  The  occurrence  of 
methyl  amongst  the  products  of  the  decomposition  shows  that  a 
portion  of  the  iodide  of  methyl  is  decomposed,  according  to  the 
following  equation  : 

Co  Hg  I  "1       /  ^2  1^3 


Zn 


I  _  r^2«3 

J     -    tZnI. 


The  origin  of  the  hydride  of  methyl  is  readily  perceived,  when  the 
volatility  of  zincmethylium,  and  the  method  of  collecting  the  gas, 
are  taken  into  consideration.  On  opening  the  decomposition-tube 
beneath  water,  a  copious  eiFervescence  was  observed  wherever  the 
evolved  gas  came  in  contact  with  water  ;  and  as  this  effervescence  was 
accompanied  by  the  formation  of  a  flocculent  precipitate  of  oxide  of 
zinc,  it  could  only  be  caused  by  the  presence  of  the  vapour  of  zinc- 
methylium, which,  on  coming  in  contact  with  water,  would  be 
instantaneously  decomposed  into  oxide  of  zinc  and  hydride  of 
methyl. 

The  gas  /3,  evolved  by  the  action  of  water  upon  the  solid  and 
liquid  products  of  the  decomposition,  was  found,  as  might  have  been 
anticipated,  to  be  pure  hydride  of  methyl,  derived  from  the  decom- 
position of  the  zincmethylium,  with  which  the  crystalline  residue  of 
iodide  of  zinc  was  saturated. 

ZiNCETHYLiuM  (C^  H^  Zu)  and  Zincamylium  (Cj^Hj^Zn),  are 
formed  under  precisely  similar  circumstances,  the  iodides  of  ethyl 
and  amyl  being  respectively  substituted  for  iodide  of  methyl.  They 
are  colourless  and  transparent  liquids,  refracting  light  strongly,  and 
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possessing  a  peculiar  penetrating  odour.  They  are  less  volatile  than 
zincmethylium,  and  are  also  somewhat  weaker  in  their  powers  of 
combination.  They  nnite  directly  with  oxygen,  chlorine,  &c.,  and 
are  decomposed  in  contact  with  water  in  a  manner  perfectly  analo- 
gous to  zincmethylium,  producing  oxide  of  zinc,  and  the  hydi'ides  of 
ethyl  and  amyl,  respectively. 

ACTION  OF  MERCURY  UPON  IODIDE  OF  METHYL. 

When  iodide  of  methyl  is  exposed  to  sunlight,  in  contact  with 
metallic  mercury,  it  soon  becomes  coloured  red,  from  the  separation 
of  free  iodine ;  after  several  hours'  exposure,  this  coloration  disappears, 
and  a  small  quantity  of  the  yellow  iodide  of  mercury  subsides  to  the 
bottom  of  the  liquid.  After  the  action  of  sunlight  for  several  days, 
the  bulk  of  the  mercury  is  observed  to  have  considerably  diminished; 
white  crystals  begin  to  be  deposited  around  the  sides  of  the  glass 
vessel ;  and,  finally,  after  about  a  week's  exposure,  the  liquid  solidifies 
to  a  colourless,  crystalline  mass ;  when  this  is  digested  with  ether, 
the  new  compound  dissolves,  and  is  thus  separated  from  metallic 
mercury  and  a  small  quantity  of  iodide  of  mercury,  which  is  col- 
laterally formed.  Only  a  very  small  quantity  of  gas  is  evolved 
during  the  formation  of  this  white  crystalline  compound.  By  spon- 
taneous evaporation,  the  ethereal  solution  solidities  to  a  mass  of 
minute,  colourless,  crystalline  scales ;  these,  dried  in  vacuo,  and 
submitted  to  analysis,  yielded  results  closely  corresponding  with  the 
formula  Cj  H3  Hg  I. 

This  compound  is,  therefore,  evidently  the  iodide  of  a  new  organo- 
metallic  radical,  consisting  of  one  atom  of  methyl  and  one  atom  of 
mercury,  and  for  which  I  propose  the  name  Hydrargyromethylium  : 
its  iodide  is  formed  by  the  direct  union  of  one  atom  of  mercury  with 
one  atom  of  iodide  of  methyl,  under  the  influence  of  light. 

^2^13  I  I     _    r     IT     TT„.  T 

Hg  /  -  -  *^ 
Iodide  of  hydrargyromethylium  i's  a  white  solid,  crystallizing  in 
minute  nacreous  scales,  which  are  insoluble  in  water,  moderately- 
soluble  in  alcohol,  and  very  soluble  in  ether  and  iodide  of  methyl ; 
by  the  spontaneous  evaporation  of  tliesc  solutions,  the  crystals  are 
again  deposited  unchanged.  Iodide  of  hydrargyromethylium  is 
slightly  volatile  at  ordinary  temperatures,  and  exhales  a  slight,  but 
peculiarly  unpleasant  odour,  which  leaves  a  nauseous  taste  upon  the 
palate  for  several  days;  at  100"  C.  the  volatility  is  much  greater,  and 
the  crystals  are  ra])idly  dissipated  at  this  temperature,  wlien  exposed 
to  a  current  of  air.  At  1  13°  C.  it  fuses,  and  sublimes  without 
decomposition,  condensing  in  brilliant  and  extremely  thin  crystalline 
plates.     In  contact  with  solutions  of  the  fixed  alkalies  and  ammonia, 
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it  is  converted  into  oxide  of  hydrargyromethylium,  which  is  dissolved 
in  excess  of  all  these  reagents ;  from  these  solutions,  sulphide  of 
ammonium  throws  down  sulphide  of  hydrargyromethylium  as  a 
slightly  yellow,  flocculent  precipitate,  having  a  most  insupportable 
odour.  I  have  not  yet  further  examined  the  reactions  of  this 
remarkable  body,  nor  have  I  attempted  the  isolation  of  the  hydrar- 
gyromethylium. 

A  corresponding  compound  containing  amyl  is  formed,  though 
with  difficultjr,  under  similar  circumstances ;  but  I  have  not  yet 
succeeded  in  producing  one  containing  ethyl,  the  iodide  of  this 
radical  yielding,  as  I  have  shown,*  when  exposed  to  sunlight  in 
contact  with  mercury,  iodide  of  mercury,  and  a  mixture  of  ethyl, 
hydride  of  ethyl  and  olefiant  gases. 

1  have  also  made  some  preliminary  experiments  with  other  metals, 
and  find  that  most  of  them  are  capable  of  thus  entering  into  com- 
bination with  the  organic  groups,  methyl,  ethyl  and  amyl :  amongst 
those  which  thus  combine  under  the  influence  of  light  most  readily, 
and  seem  to  promise  the  most  interesting  results,  I  may  mention, 
arsenic,  antimony,  chromium,  iron,  manganese  and  cadmium. 


Imperfect  as  our  knowledge  of  the  organo-metallic  bodies  may  yet 
appear,  I  am  unwilling  to  close  this  memoir  without  directing  atten- 
tion to  some  peculiarities  in  the  habits  of  these  compounds,  which 
promise,  at  least,  to  throw  some  light  upon  their  rational  constitu- 
tion, if  they  do  not  lead  to  extensive  modifications  of  our  views 
respecting  chemical  compounds  in  general,  and  especially  that 
interesting  class  termed  conjugate  compounds. 

That  stanethylium,  zincmethylium,  hydrargyromethylium,  &c.,  are 
perfectly  analogous  to  cacodyl,  there  can  be  no  reasonable  doubt, 
inasmuch  as,  like  that  body,  they  combine  directly  with  the  electro- 
negative metalloids,  forming  true  salts,  from  which  in  most  cases, 
and  probably  in  all,  the  original  groups  can  be  again  separated 
unaltered ;  and,  therefore,  any  view  which  may  be  taken  of  the  new 
bodies  must  necessarily  be  extended  to  cacodyl.  The  discovery  and 
isolation  of  this  so-called  organic  radical  by  Bunsen,  was  certainly 
one  of  the  most  important  steps  in  the  development  of  organic 
chemistry,  and  one,  the  influence  of  which  upon  our  theoretical 
views  of  the  constitution  of  certain  classes  of  organic  compounds, 
can  scarcely  be  too  highly  estimated.  It  was  impossible  to  consider 
the  striking  features  in  the  behaviour  of  this  body,  without  finding  in 
them  a  most  remarkable  confirmation  of  the  theory  of  compound 
radicals,  as  propounded  by  Berzelius  and  Liebig. 

The   formation   of  cacodyl,    its  habits,    and  the  products  of  its 
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decomposition,  have  for  some  time  left  no  doubt  of  the  existence 
of  methyl  ready  formed  in  this  body;  and  Kolbe^*  in  developing 
his  views  on  the  so-called  conjugate  compounds,  has  proposed  to 
regard  it  as  arsenic  conjugated  with  two  atoms  of  methyl,  (C2H3]2  As. 
So  long  as  cacodyl  was  an  isolated  example  of  an  organo-metallic 
body,  this  view  of  its  rational  composition,  harmonizing  as  it  did  so 
well  with  the  facts  elicited  during  the  route  of  cacodyl  through  its 
various  combinations  and  decompositions,  could  scarcely  be  con- 
tested ;  but  now,  since  we  have  become  acquainted  with  the  proper- 
ties aud  reactions  of  a  considerable  number  of  analogous  bodies, 
circumstances  arise  which  I  consider  militate  greatly  against  this 
view,  if  they  do  not  render  it  absolutely  untenable.  According  to 
the  theory  of  conjugate  radicals  just  alluded  to,  cacodyl  aud  its 
congeners,  so  far  as  they  are  at  present  known,  would  be  thus 
represented : 

Cacodyl {C,n,);AB 

Oxide  of  cacodyl     ....  (C2  H3  )2  AsO 

Cacodylic  acid         .          .          .          .  (Cg  H3  )7As03 

Stanmethylium        ....  (C2  H3  )'^Sn 

Stanethylium  ....  (C^  H^  )"~Sn 

Oxide  of  stauethylium     .          .          .  (C4  Hg  )'~SnO 

Stanamylium  ....  (CjQHjj)'^Sn 

Ziucmethylium        ....  (C2  H3  )"^Zn 

Zincethylium  ....  (C4  H^  )'^Zn 

Zincamylium  ....  (C^QlI^^yZn 

Stibethine  (Stibethyl)       .  .  .  (C^  H^  )^Sh 

Binoxide  of  stibethine      .         .         .  (C^  H^  )3"Sb02 

Oxide  of  stibmethylium   .         .  .  (C2  H3  )^"Sb0 

HydrargyromethyUum     .  .  .  (C2  H3  )'"Hg 

Iodide  of  hydrargyromethyliuui         .  (C2  H3  )'^HgI 

It  is  generally  admitted,  that  when  a  body  becomes  conjugated,  its 
essential  chemical  character  is  not  altered  by  the  presence  of  the 
conjunct;  thus,  the  series  of  acids  C„H„0^,  formed  by  the  con- 
junction of  the  radicals  C^  H^„  +  i)  with  oxalic  acid,  have  the  same 
neutralizing  power  as  the  original  oxalic  acid,  and,  therefore,  if  we 
assume  the  organo-metallic  bodies  to  be  metals  conjugated  with 
various  hydrocarbons,  we  might  reasonably  expect  that  the  chemical 
I'clations  of  the  metal  to  oxygen,  chlorine,  sulphur,  &c.,  would 
remain  unchanged.  A  glance  at  the  formula  of  these  compounds  will, 
however,  suffice  to  show  that  this  is  far  from  being  the  case.  It  is 
true,  that  cacodyl  forms  protoxide  of  cacodyl  and  cacodylic  acid, 
corrcsj)onding,  the  one,  to  a  somewhat  hypothetical  protoxide  of 
arsenic,  which,  if  it  exist,  does  not  seem  to  possess  any  well-defined 
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basic  character,  and  the  other,  to  arsenious  acid ;  but  no  compound 
corresponding  to  arsenic  acid  can  be  formed  ;  and  jet  it  cannot  be 
urged  that  cacodylic  acid  is  decomposed  by  the  powerful  reagents 
requisite  to  produce  further  oxidation,  for  concentrated  nitric  acid 
may  be  distilled  from  cacodylic  acid  without  decomposition  or 
oxidation,  in  the  slightest  degree.  The  same  anomaly  presents  itself 
even  more  strikingly  in  the  case  of  stanmethylium,  which,  if  we  are 
to  regard  it  as  a  conjugate  radical,  ought  to  combine  with  oxygen 
in  two  proportions  at  least,  to  form  compoimds  corresponding  to 
protoxide  and  peroxide  of  tin.  Stanethylium  rapidly  oxidizes  when 
exposed  to  the  air,  and  is  converted  into  pure  protoxide;  but  this 
compound  exhibits  none  of  that  powerful  tendency  to  combine  with 
an  additional  equivalent  of  oxygen,  which  is  so  characteristic  of 
protoxide  of  tin  ;  nay,  it  may  even  be  boiled  with  dilute  nitric  acid, 
without  evincing  any  signs  of  oxidation.  I  have  been  quite  unable 
to  form  any  higher  oxide  than  that  described  above ;  it  is  only  when 
the  group  is  entirely  broken  up,  and  the  ethyl  sepirated,  that  the  tin 
can  be  induced  to  unite  with  another  equivalent  of  oxygen.  Stibethyl 
also  refuses  to  unite  with  more  or  less  than  two  equivalents  of  oxygen, 
sulphur,  iodine,  &c.,  and  thus  forms  compounds,  which  are  not  at  all 
represented  amongst  the  combinations  of  the  simple  metal,  anti- 
mony. 

When  the  formulae  of  inorganic  chemical  compounds  are  con- 
sidered, even  a  superficial  observer  is  struck  with  the  great  symmetry 
of  their  construction;  the  compounds  of  nitrogen,  phosphorus,  an- 
timony and  arsenic  especially  exhibit  the  tendency  of  these  elements 
to  form  compounds  containing  three  or  five  equivalents  of  other 
elements,  and  it  is  in  these  proportions  that  their  affinities  are  best  satis- 
fied ;  thus  in  the  ternal  group  we  have  NOg,  NH3,  NI3,  NS3,  PO3,  PH3, 
PCI3,  Sb  O3,  Sb  H3,  Sb  CI3,  As  O3,  As  H3,  As  CI3,  &c.,  and  in  the  five- 
atom  group  NO5,'  NH^O,  NH4I,  PO5,  PHJ,  &c.  Without  offering 
any  hypothesis  regarding  the  cause  of  this  symmetrical  grouping  of 
atoms,  it  is  sufficiently  evident,  from  the  examples  just  given,  that 
such  a  tendency  or  law  prevails,  and  that,  no  matter  what  the  character 
of  the  uniting  atoms  may  be,  the  combining  power  of  the  attracting 
element,  if  I  may  be  allowed  the  term,  is  always  satisfied  by  the  same 
number  of  these  atoms.  It  was  probably  a  glimpse  of  the  operation 
of  this  law  amongst  the  more  complex  organic  groups  which  led 
Laurent  and  Dumas  to  the  enunciation  of  the  theoi-y  of  types;  and 
had  not  those  distinguished  chemists  extended  their  views  beyond  the 
point  to  which  they  were  well  supported  by  then  existing  facts,  had 
they  not  assumed  that  the  properties  of  an  organic  compound  ai-e 
dependant  upon  the  position,  and  not  upon  the  nature  of  its  single 
atoms,  that  theory  would  undoubtedly  have  contributed  to  the  de- 
velopment of  the  science  to  a  still  greater  extent  than  it  has  already 
done.     Such  an  assumption  could  only  have  been  made  at  a  time 
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when  the  data  upon  which  it  was  founded  were  few  and  imperfect, 
and  as  the  study  of  the  phenomena  of  substitution  progressed  it 
gradually  become  untenable,  and  the  fundamental  principles  of  the 
electro-chemical  theory  again  assumed  their  sway.  The  formation 
and  examination  of  the  organo-metallic  bodies  promises  to  assist  in 
effecting  a  fusion  of  the  two  theories  which  have  so  long  divided  the 
opinions  of  chemists,  and  which  have  too  hastily  been  conceived  irre- 
concileable ;  for  whilst  it  is  evident  that  certain  types  of  series  of 
compounds  exist,  it  is  equally  clear  that  the  nature  of  the  body 
derived  from  the  original  type  is  essentially  dependent  upon  the 
electro-chemical  character  of  its  chemical  atoms,  and  not  merely 
upon  the  relative  position  of  those  atoms.  Let  us  examine,  for 
instance,  the  compounds  formed  by  zinc  and  antimony  :  by  com- 
bination with  one  equivalent  of  oxygen,  the  electro-negative  quality 
of  the  zinc  is  nearly  annihilated,  and  it  is  only  by  the  highly  oxidizing 
peroxide  of  hydrogen  that  the  metal  can  be  made  to  form  a  very 
instable  peroxide ;  but  when  zinc  combines  wath  one  equivalent  of 
methyl  or  ethyl,  its  positive  quality,  so  far  from  being  neutralized,  is 
exalted  by  the  addition  of  the  positive  group,  and  the  compound  now 
exhibits  such  intense  affinity  for  the  electro-negative  elements  as  to 
give  it  the  property  of  spontaneous  inflammability.  Peroxide  of 
antimony  has  also  little  tendency  to  pass  into  a  higher  state  of  oxi- 
dation ;  but  when  its  three  atoms  of  oxygen  are  replaced  by  the 
electro-positive  ethyl,  as  in  stibethine,  that  affinity  is  elevated  to  the 
intense  degree  which  is  so  remarkable  in  this  body. 

Taking  this  view  of  the  so-called  conjugate  organic  radicals,  and 
regarding  the  oxygen,  sulphur  and  chlorine  compounds  of  each  metal 
as  the  true  molecidar  type  of  the  organo-metallic  bodies  derived  from 
it  by  the  substitution  of  an  organic  group  for  oxygen,  sulphur,  &c., 
the  anomalies  above  mentioned  entirely  disappear,  and  we  have  the 
following  inorganic  types  and  organo-metallic  derivatives : 

Inorganic  types.  Organo-metallic  derivatives. 

As{g      .     .     .     .     As{^;|j^3Cacodyl. 

[■o  {Clll, 

As-^0     .     .     .     .     As-I  C,  H3  Oxide  of  Cacodyl. 

[0  [0 

fO  r^oJh 

|0  IC2II3 

0     Cacodylic  Acid. 


AsS  0     .     .     .     .     As-! 
0 
0 


0 
0 


Zn   O     .     .     .     .     Zn  (C^  II3)  Zincmethylium. 

ZuJq     .     .     .     .     Znj    l^  '■^    Oxide  of  Zincmethylium. 
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Inorganic  types. 
\^ 

lo 
o 

0 

Sb^iO     . 

|o 

Sb^O     . 
0 


Organo-metallic  derivatives. 
.     Zn-lC^Hg    Stibethine. 


Sb^  C4  U, 

I     ^ 
I-    0 


Binoxicle  of  Stibethine. 


Sn 
Sn 


M\ 


Shi  C^  Hr    Oxide  of  Stibethyliuni. 

>-    O 

Sn  (C4H5)  Stanethylium. 

( C  H 
Snj    i^  5    Oxide  of  Stanethylium. 

Hg{' 


I 


Iodide  of  Hydragyromethyliuni. 


The  only  compound  which  does  not  harmonize  with  this  view 
is  ethostibilic  acid,  to  which  Lowig  assigns  the  formula  C^H^SbOg; 
but  as  that  chemist  has  not  yet  fully  investigated  this  compound, 
it  is  possible  that  further  research  may  satisfactorily  elucidate  its  appa- 
rently- anomalous  composition. 

It  is  obvious  that  the  establishment  of  this  view  of  the  constitution 
of  the  organo-metallic  bodies  will  remove  them  from  the  class  of 
organic  radicals  and  place  them  in  intimate  connection  with  am- 
monia and  the  bases  of  Wurtz,  Hofmann,  and  Paul  Thenard  ;  in- 
deed the  close  analogy  existing  between  stibethine  and  ammonia,  first 
suggested  by  Gerhardt,  has  been  most  satisfactorily  demonstrated 
by  the  behaviour  of  stibethine  with  the  haloid  compounds  of  methyl 
and  ethyl.  Stibethine  furnishes  us  therefore  with  a  remarkable 
example  of  the  law  of  symmetrical  combination  above  alluded  to,  and 
shows  that  the  formation  of  a  five-atom  group  from  one  containing 
three  atoms  can  be  effected  by  the  assimilation  of  two  atoms,  either 
of  the  same  or  of  opposite  electro-chemical  character ;  this  remark- 
able circumstance  suggests  the  following  question.  Is  this  behaviour 
common  also  to  the  corresponding  compounds  of  arsenic,  phos- 
phorus, and  nitrogen ;  and  can  the  position  of  each  of  the  five  atoms, 
with  which  these  elements  respectively  combine,  be  occupied  indif- 
ferently by  an  electro-negative  or  an  electro-positive  element  ?  This 
question,  so  important  for  the  advance  of  our  knowledge  of  the 
organic  bases  and  their  congeners,  cannot  now  long  remain  un- 
answered. 

If  the  views  which  I  have  just  ventured  to  suggest  should  be  as 


ORGANIC    BODIES    CONTAINING    METALS.  71 

well  supported  by  future  researches  as  they  are  by  the  facts  already 
kuowiij  they  must  occasion  a  profound  change  in  the  nomenclature  of 
the  extensive  series  of  compounds  affected  by  them.  I  have  not, 
however,  ventured  to  introduce  this  new  system  of  nomenclature  even 
in  the  case  of  the  new  bodies  described  in  this  memoir ;  since  hasty 
changes  of  this  kind^  unless  absolutely  necessary,  are  always  to  be 
deplored.  In  accordance  with  the  suggested  view  of  the  constitution 
of  the  organo-metalic  compounds,  the  following  plan  of  nomenclature 
would  probably  be  found  most  convenient. 

ARSENIC    COMPOUNDS. 

(Co  Hj  )2  As       .     .     Bimethide  of  Arsenic  (Cacodyl). 

(C.j  Hg  )2  AsO     .     .     Bimethoxide  of  Arsenic  (Oxide  of  Cacodyl). 

(Cj  H3  )2  ASO3   .     .     Bimetharseaic  Acid  (Cacodylic  Acid). 

ZINC    COMPOUNDS. 

(C2  H3  )  Zq       .     .     Methide  of  Zinc  (Zincraethyliuin). 
(C4  II3  )  Zn       .     .     Ethide  of  Zinc  (Zincethylium). 
(CjqHu)  Za       .     .     Amylide  of  Zinc  (Zincamylium). 

TIN    COMPOUNDS. 

(Co  H3 )  Sn  .  .  Methide  of  Tin  (Stanniethyliuni). 

(C2H3)SnI  .  .  Methiodide  of  Tin  (Iodide  of  Stanmethyliura). 

(C4  H5  )   SnO  .  .  Etlioxide  of  Tin  (Oxide  of  Staneihylium). 

(CioHji)  SnCl  .  .  Amylochloride  of  Tin  (Ciiloride  of  Stanamylium). 

ANTIMONY    COMPOUNDS. 

(Cj  H3  )3  Sb  .     Termethide  of  Antimony  (Stibmethine). 

(C2  H3  )4  SbO     .     .     Quadrometboxide  of  Antimony  (Oxide  of  Stibmethylium). 

(C4  H5  )3  Sb02   .     .    Terethobinoxide  of  Antimony  (Biuoxide  of  Stibethine). 

MERCURY    COMPOUNDS. 

(C2  H3 )  Hg       .     .     Metbide  of  Mercury  (Hydrargyrometbybum). 

(C2  H3  )  Hgl     .     .     ]\Iethiodide  of  Mercury  (Iodide  of  Hydrargyrometbybum). 

In  naming  the  new  bodies  described  in  the  present  paper,  I  have, 
in  conformity  with  the  nomenclature  of  the  organic  bases,  adopted 
the  principle  of  em})loying  the  termination  "  ium,"  when  the  body 
unites  with  one  equivalent  of  oxygen,  chlorine,  &c.,  like  ammonium, 
and  the  terminal  "  me,"  when  like  ammonia  it  combines  with  two 
additional  atoms. 
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On  Meconic  Acid  and  its  DeriTatlves. 
By   Henry  Ho w.* 

This  investigation  was  undertaken  with  the  view  of  determining 
whether  compounds  analogous  to  those  already  described  by  the 
authorf  as  derived  from  comenic  acid,  could  be  obtained  under 
similar  circumstances  from  meconic  acid. 

To  obtain  pure  meconic  acid,  the  crude  acid — prepared  by  treating 
meconate  of  lime  three  times  in  succession  with  20  parts  of  boiling 
water  and  3  parts  of  strong  hydrochloric  acid — is  mixed  with  about 
twice  its  weight  of  water,  and  heated  over  the  water-bath  with  con- 
stant agitation,  and  caustic  ammonia  added  till  the  whole  is  dissolved ; 
the  ammoniacal  salt  thus  formed  is  very  soluble  in  boiling  water,  and 
solidifies  on  cooling.  The  solid  mass  is  subjected  to  strong  pres- 
sure to  remove  the  mother-liquid,  and  purified  by  three  crystalliza- 
tions from  the  smallest  possible  quantity  of  boiling  water,  the 
mother-liquor  being  expressed  at  each  crystallization.  The  product 
is  a  perfectly  white  salt,  from  the  solution  of  which  in  hot  water, 
the  meconic  acid  may  be  separated  by  hydrochloric  acid  in  colourless 
shining  laminae ;  and  on  washing  the  precipitate  a  little  with  cold 
water,  and  dissolving  in  the  smallest  possible  quantity  of  boiling  water, 
the  solution  on  cooling  yields  the  acid  in  a  state  of  perfect  purity. 

Bihasic  Meconate  of  Ammonia. — The  salt  whose  preparation  has 
just  been  described,  crystallizes  from  moderately  dilute  solutions, 
after  standing,  in  radiated  groups  of  fine  silky  needles,  having  an 
acid  reaction.     The  salt  dried  at  100°  has  the  composition  : 

H0,2NH,0.Ci,H0,i. 

It  is  very  hygroscopic.  The  crystals  appear  to  contain  variable  quan- 
tities of  water  of  crystallization.  An  aqueous  solution  of  this  salt 
may  be  boiled  without  change ;  but  when  kept  boiling  for  some  time 
with  an  excess  of  ammonia,  it  becomes  altered. 

Action  of  Heat  on  Meconate  of  Ammonia. — Comenamic  Acid. — 
Some  of  the  highly  coloured  mother-liquors  of  the  purifying  process 
were  retained  at  or  near  the  boiling  temperature,  ammonia  being 
present  in  excess,  and  hydrochloric  acid  added  after  cooling.  Carbonic 
acid  w^as  then  copiously  evolved,  and  a  considerable  precipitate  formed, 
consisting  of  comenamic  acid,  Cj^HgNOg,  which,  by  repeated  crystal- 
lization from  boiling  water,  and  the  use  of  animal  charcoal,  was  ob- 
tained in  colourless  shining  scales.  Its  formation  from  bibasic  me- 
conate of  ammonia  may  be  represented  by  the  following  equation  : 

HO  .  2NH4  0  .  Ci,  II .  Oil  =  C12  H5  NOg  +  NH3-f  2H0  +  2CO2. 

*  Ediuh.  Pliil.  Trans.  XX,  Pt.  Ill,  401  ;  Ann.  Ch.  Pharm.  LXXXIII,  350. 
t  Chem.  Soc.  Qu.  J.  IV,  362. 
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This  reaction  offers  a  convenient  source  of  comenamic  acid,  as  very 
impure  meconic  acid  may  be  used. 

Action  of  Chlorine  on  Bibasic  Meconate  of  Ammonia. — Chlorine 
passed  through  the  coloured  mother-liquor  deprives  it  of  colour  con- 
siderably, and  causes  a  deposit  of  hard  granular  crystals,  which  may  be 
purified  by  recrystallization  from  boiling  water.  Kard  crystals  are 
then  deposited,  which  when  magnified  appear  to  consist  of  thick  needles 
radiating  from  a  centre.  The  salt  thus  formed  contains  no  chlorine, 
but  is  a  monobasic  meconate  of  ammonia,  2H0  .  NH^O  .  Cj^  HOj^. 
The  crystals  likewise  contain  7 '70  per  cent  of  water  of  crystallization 
=  2Aq. 

The  original  mother-liquor  of  this  salt  deposited  a  further  quantity 
of  the  same  on  being  concentrated,  but  by  continued  evaporation 
crystals  of  a  different  character  were  obtained;  and  these,  when  re- 
crystallized  from  boiling  w'ater,  presented  themselves  in  the  form  of 
square   prismatic  needles,  having  the  properties  and  composition  of 

chlorocomenic acidj^^iO .Q>^^-\   p,   yO^      The  last  mother-liquors  of 

this  process  contain  oxalic  acid. 

Action  of  Bromine  on  Meconic  Acid. — When  bromine-water  is 
poured  upon  powdered  meconic  acid,  carbonic  acid  is  evolved  with 
lively  eff'ervescence,  and  the  acid  dissolves,  forming  a  solution  which, 
after  a  while,  deposits  long  prismatic  crystals  of  great  beauty  ;  a 
much  more  copious  product  is  however  obtained  by  gentle  evapo- 
ration. By  recrystallization  from  hot  water,  brilliant  square  prismatic 
crystals  are  obtained,  which  when  dried  at  100°  C.  have  the  com- 
position of  dry  bromocomenic  acid,  2H0  .  Cj2-]  ii  [-Og.  The  nature 
of  the  reaction  is  shown  by  the  equation  : 

CuH4  0i,  +  2Br=Ci2|JJ  l0,  +  nBr  +  2CO.-h2II0 

Crystals  of  oxalic  acid  were  obtained  by  evaporating  the  mother- 
liquors  to  a  small  bulk. 

The  action  of  bromine  on  meconate  of  ammonia  would  doubtless 
be  found  similar  to  that  of  chlorine. 

Ethers  of  Meconic  Acid. — When  a  current  of  dry  hydrochloric 
acid  gas  is  passed  through  an  alcoholic  solution  of  meconic  acid  till  it 
fumes  strongly,  and  the  liquid  is  set  aside  to  cool,  there  a])pcars, 
after  a  time,  shorter  or  longer  as  the  alcohol  is  stronger  or  weaker,  a 
deposit  of  feathery  crystals.  If  absolute  alcohol  has  been  used,  the 
filtered  liquid  yields  no  further  deposit ;  but  if  rectified  spirit  has 
been   used,   another  less  crystalUne  substance  appears  after  a  time. 
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On  evaporating  the  liquid  wLicli  has  ceased  to  give  deposits,  to  com- 
plete dryness,  the  cliief  constituent  of  the  residue  is  found  to  be 
a  substance  which  fuses  under  boiling  water.  It  is  more  or  less 
accompanied  by  the  other  bodies,  according  to  the  strength  of  the 
alcohol  used. 

Ethijlomeconic  Acid. — This  is  the  first  deposit  above  mentioned; 
it  is  formed  most  abundantly  and  in  the  state  of  greatest  purity 
when  absolute  alcohol  is  used.  One  crystallization  from  hot  water 
is  sufficient  to  render  it  p<n'fectly  pure  and  uniform,  and  it  then 
crystallizes  in  brilliant  short  needles.  It  is  composed  of  C^g  Hg  Oj^, 
and  is  an  acid  ether  analogous  to  phosphovinic  ether,  its  rational 
formula  being, 

2  HO  .  C4  H5  0  .  Cj,  HOji,  or     '  h'  I C^,  HO^^ 

H  J  _ 

Ethylomeconic  acid,  when  pure,  crystallizes  from  boiling  water, 
in  which  it  is  very  soluble,  in  brilliant  small  crystals,  which,  when 
magnified,  are  seen  to  be  square  prismatic  needles.  It  likewise 
dissolves  readily  in  ether  and  common  alcohol  when  warmed,  less 
readily  in  absolute  alcohol.  It  separates  from  concentrated  solu- 
tions in  these  three  liquids  in  groups  of  stellate  crystals,  and  when 
left  to  spontaneous  evaporation,  in  long  needles.  It  is  anhydrous; 
its  crystals  lose  no  weight  either  in  vacuo  or  at  100°  C.  It  fuses  at 
about  158°  — 159°  C.  to  a  transparent  yellowish  liquid,  a  sublimate 
of  very  brilliant  rhombic  crystals  being  formed  at  the  same  time. 
The  aqueous  solution  has  a  strongly  acid  reaction,  imparts  a  deep- 
red  colour  to  persalts  of  iron,  and  decomposes  carbonates  with  effer- 
vescence. It  is  bibasic,  forming  two  series  of  salts ;  the  acid  salts 
are  readily  crystallizable.  Its  salts  are  very  stable,  the  acid  being 
recoverable  from  them  by  decomposition  with  stronger  acids. 

Acid  Ethylomeconate  of  Baryta,  BaO  .  HO  .  C^  Hj  0  .  Cj4  HOj^,  is 
formed  on  adding  carbonate  of  baryta  in  successive  small  portions  to 
water  covering  solid  ethylomeconic  acid.  Lively  effervescence  ensues, 
and  the  acid  quickly  disappears,  a  small  quantity  of  an  insoluble 
yellow  salt  being  formed  at  the  same  time.  If  the  liquid  be  filtered 
as  soon  as  the  effervescence  ceases,  and  the  vessel  be  placed  iw  vacuo, 
a  considerable  quantity  of  carbonate  of  lime  previously  held  in  solu- 
tion by  the  carbonic  acid  is  deposited.  By  a  second  filtration,  a 
clear,  yellowish  liquid  is  obtained,  which,  when  evaporated  in  vacuo, 
or  at  a  gentle  heat,  yields  well-defined,  brilliant,  rhombic  crystals 
of  a  yellow  colour.  Tlie  crystals  contain  water,  which  they  lose 
on  drying. 

Acid  Ethylomeconate  of  Silver,  AgO  .  HO  .  C4  H5  0  .  C^^  HO^. — 
Obtained  by  adding  an  aqueous  solution  of  the  baryta-salt  to  nitrate 
of  silver,  dissolving  the  washed  precipitate  in  boiling  water,  and 
crystallizing.     Forms  groups  of  fine,  small,  stellate  crystals,  brilliant 
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and  white.  It  is  remarkably  stable,  remaining  perfectly  unchanged 
when  exposed  for  a  long  time  to  the  diflfused  daylight  of  summer. 
The  crystals  contain  2  atoms  water,  which  they  give  off  at  100°  C. 

An  aqueous  solution  of  acid  ethylomeconate  of  baryta  forms  wi  t 
acetate  of  lead  a  yellowish-white,  with  sulphate  of  copper  a  pale 
green,  and  with  perchloride  of  iron  a  red-brown  precipitate ;  the  last 
is  readily  soluble  in  an  excess  of  the  iron-salt,  forming  with  it  a 
dark  red  liquid. 

Neutral  Salts  of  Ethylomeconic  Acid. — These  salts  have  not  yet 
been  obtained  quite  pure.  By  saturating  ethylomeconic  acid  with 
carbonate  of  baryta  at  100°  C.  and  filtering,  a  salt  v.  as  obtained  in 
small,  short,  yellow  needles,  which,  when  dried  at  100°,  yielded  41*89 
per  cent  baryta.  The  formula,  BaO  .  C^  H^  0  .  Cj^  HO^j,  requires 
42*19.  The  salts  obtained  by  treating  the  acid  with  excess  of 
carbonate  of  baryta  were  found  to  contain  from  42  to  44'5  per  cent 
baryta ;  whence  it  would  appear  that  the  acid  forms  basic  in  addition 
to  neutral  and  acid  salts.  Similar  results  were  obtained  with  the 
other  alkaline  earths.  The  acid,  when  heated  with  excess  of  car- 
bonate of  silver,  remains  almost  wholly  undissolved  in  the  form  of 
some  basic  compound;  heated  with  excess  of  potash  or  soda,  it 
yields  meconates  of  these  bases.  An  excess  of  caustic  ammonia 
decomposes  it  very  readily. 

Meconamidic  Acid. — When  ethylomeconic  acid  is  dissolved  in 
warm  water  or  alcohol,  and  an  excess  of  sti'ong  aqueous  or  alcoholic 
ammonia  is  added,  the  liquid  assumes  a  deep-3'ellow  colour,  and 
becomes  very  soon  filled  with  a  yellow^,  semi-gelatinous  substance, 
which,  after  being  washed  with  dilute  spirit,  dries  up  in  the  air  to  an 
amorphous  mass,  reducible  with  some  difficulty  to  a  very  fine  yellow 
powder.  It  appears  to  be  the  ammonia-salt  of  a  peculiar  acid ;  for, 
on  treating  its  solution  in  hot  water  with  hydrochloric  acid,  a  ^A■hite 
precipitate  is  formed,  which,  on  being  recrystallized  from  boiling 
water,  is  found  to  have  the  composition,  Cg^  Hg^  N-  Or-g.  It  appears 
to  be  formed  by  the  action  of  7  atoms  ammonia  on  6  atoms  of  the 
acid  ether,  thus : 

6  Cj8_H^,  +  7  NH3  -f  6  HO  =  Cs,H3,  N,  0-^  -f  6  C^HeO^ 

Ethylomeconic  acid.  Mecouamidic  acid.  Alcohol. 

If  we  suj)pose  that  the  acid  contains  6  atoms  water  of  crystal- 
lization which  are  not  given  off  at  100°  C,  its  formula  will  be 
^&t  ^33  -^7  ^72  '>  ^vhich  contains  the  elements  of  G  atoms  normal 
amidomeconic  acid  -|- 1  atom  ammonia. 

C84  H33  N7  0-2-G  (2II0  .  NH- .  Ci,  II  Ojo)  +  NII3. 
The  numbers  obtained  by  analysis  do  not  agree  very  well  with  this 
view  of  its  constitution  ;   but  that  it  is  really  an  amidogeu-coui])ound 
resulting  from  meconie  acid,  may  be  inferred  from  the  fact  that  when 
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it  is  heated  with  a  solution  of  potash,  ammonia  is  evolved  in  con- 
siderable quantity,  and  the  liquid  gives  with  hydrochloric  acid  a 
crystalline  precipitate  consisting  of  biineconate  of  potash,  which,  u])on 
subsequent  treatment,  in  the  same  manner,  is  converted  into  meconic 
acid. 

The  appropriation  of  the  atom  of  ammonia  among  the  6  atoms  of 
amidomeconic  acid  (if  indeed  this  be  the  constitution  of  the  com- 
pound), appears  to  have  much  diminished  the  basicity  of  the  complex 
atom,  or  else  the  yellow  salt  is  not  a  neutral  one.  The  amidomeconic 
acid  being  bibasic,  6  of  its  atoms  should,  in  forming  a  neutral  salt, 
take  up  12  atoms  ammonia ;  but  it  appears  to  contain  only  9  atoms, 
its  formula  as  deduced  from  analysis  being 

9NH,O.C8,H2,N7  063  +  3Aq.; 

and  the  acid  itself  considered  with  regard  to  its  amount  of  basic  water 
as  indicated  in  the  salt,  is  represented  thus  : 

9HO.C8,H24N,Oc3  +  6Aq. 

The  yellow  salt  when  examined  by  the  microscope  does  not  present 
any  appearance  of  crystalline  structure,  but  appears  to  consist  of 
round  translucent  granules,  which,  when  deposited  slowly  from  dilute 
solutions,  look  like  small  yellow  vesicles  or  air-bubbles.  It  dissolves 
readily  in  hot  water,  exhaling  a  decided  smell  of  ammonia  ;  it  is  very 
sparingly  soluble  in  hot  alcohol,  insoluble  in  cold  alcohol.  It  gra- 
dually gives  off  ammonia  when  heated  in  the  dry  state  to  100°  C. ; 
at  a  higher  temperature  it  blackens  and  fuses. 

Attempts  were  made  to  prepare  the  other  salts  of  the  acid  by  pre- 
cipitating metallic  solutions  with  the  ammonia-salt ;  but  no  definite 
products  were  obtained. 

Coupled  Ether  of  Meconic  Acid. — Mecono-ethylomeconic  Acid. — 
This  is  the  substance  already  described  as  occurring  in  the  process  of 
making  the  ethers  of  meconic  acid  when  rectified  spirit  is  employed  ; 
it  is  deposited  generally  after  the  first  product  of  ethylomeconic  acid 
is  filtered  off.  On  redissolving  it  in  hot  water  two  or  three  times,  and 
cooling  the  liquid,  a  white  amorphous  powder  is  obtained,  the  analysis 
of  which  agrees  pretty  nearly  with  the  formula  C32  Hjo  Oog,  which 
contains  the  elements  of  1  atom  meconic  and  1  atom  ethylomeconic 
acid  : 

C32  Hi3  Oo8= 3  HO  .  C„  HO^i -1-  2  HO  .  C^  H,  0  .  Cj,  HO^- 

That  the  substance  is  more  than  an  accidental  mixture  appears  from 
its  behaviour  with  ammonia.  On  adding  alcohol  to  a  concentrated 
aqueous  ammoniacal  solution  of  the  substance,  a  deposit  appears  con- 
sisting of  small  radiated  silky  tufts ;  and  when  such  an  aqueous 
solution  is  evaporated  to  dryness  at  100°  C,  a  crystalline  residue 
remains,  which  is  very  sparingly  soluble  in  boiling  water;  the  more 
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soluble  portion  gives  mth  hydrochloric  acid  a  ciTstalline  precipitate 
in  the  form  of  needles.  Want  of  material  prevented  the  further 
examination  of  these  products. 

Biethylomeconic  Acid,  HO  .  2  C^  H^  0  .  C^^  HO^j.  —  This  sub- 
stance is  found  in  considerable  quantity  in  the  acid  mother-liquors 
from  which  the  bodies  before  described  have  been  deposited,  espe- 
cially when  absolute  alcohol  has  been  used,  its  proportionate  amount 
appearing  to  depend  on  that  of  the  hych'ochloric  acid  gas  passed 
through  the  solution.  It  remains,  on  evaporating  the  liquid  till  acid 
ceases  to  be  evolved  at  100°  C.  in  the  form  of  a  thick  oil  or  viscid 
mass,  which  becomes  a  crystalline  solid  on  cooling.  It  may  be 
purified  by  recrystallization. 

The  same  compound  may  be  obtained  by  distilling  meconic  acid 
with  absolute  alcohol  and  strong  sulphuric  acid.  Alcohol  and  ether 
distil  over,  and  a  syrupy  mass  remains,  which,  when  poured  into  a 
comparatively  large  quantity  of  cold  water,  yields  after  a  while  a 
crystalline  precipitate  of  a  rose-pink  colour.  On  recrystallization 
from  water,  it  formed  colourless  flattened  prisms,  which,  when  dried 
at  100°,  were  found  to  be  identical  in  composition  with  the  above. 
Rectified  spirit  cannot  be  substituted  for  absolute  alcohol  in  this 
process. 

Biethylomeconic  acid,  in  its  pure  state,  as  crystallized  from  watei*, 
occurs  in  the  form  of  long,  flattened,  colourless  prisms ;  under  boiling 
water  it  fuses  before  dissolving.  It  is  very  soluble  in  alcohol.  In 
the  dry  state  it  fuses  at  about  110°  C.  to  a  yellowish  transparent 
liquid.  Its  aqueous  solution  readily  coagulates  white  of  egg,  has  an 
acid  reaction,  and  decomposes  carbonates  with  effervescence.  It 
imparts  a  red  colour  to  ferric  salts.     It  is  monobasic. 

Biethylomeconate  of  Ammonia. — When  ammoniacal  gas  is  passed 
through  a  solution  of  the  ether  in  nearly  absolute  alcohol,  the  whole 
becomes  a  yellow  nearly  solid  mass ;  and  this  when  freed  by  pressure 
from  the  ammoniacal  alcohol,  and  dissolved  in  hot  spirit,  crystalHzes 
in  tufts  of  radiated,  yellow,  silky  needles.  This  salt  contains  no 
water,  its  composition  being  expressed  by  the  formula, 

NH4  0.2C4H5  0.CiJI0ii. 

Biethylomeconate  of  ammonia  dissolves  readily  in  cold  water, 
forming  a  yellow  solution  from  which  acids  throw  down  the  un- 
changed ether.  The  solution  gives  the  following  reactions  :  "With 
nitrate  of  silver  a  yellow  gelatinous  precipitate,  insoluble  in  boiling 
water,  and  apparently  unaltered  by  elevation  of  temperature;  with 
sulphate  of  copper,  a  green  gelatinous  precipitate;  with  acetate  of 
l(;ad,  a  heavy  yellowish-white ;  with  sulphate  of  magnesia,  a  crys- 
talline precipitate ;  with  the  chlorides  of  barium,  strontium,  and 
calcium,  it  produces  pale  yellow,  semi-gelatinous  precipitates,  inso- 
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liible  in  boiling  water,  but  readily  soluble  in  excess  of  the  earthy 
salts.     The  baryta-salt  dried  at  100°  C.  has  the  composition 

BaO  .  2  C4  H5  0  .  Cj,  HOii- 

Biethylomeconic  acid,  when  heated  with  ammonia,  appears  to  un- 
dergo a  change,  the  result  of  which  is  probably  an  acid  amide. 


Ou  some  Salts  and  Deconiposition-Products  of  Pyroineconic  Acid. 
ByJaiues  Brow n.* 

Pyromeconic  acid  was  discovered  by  Sertiirner,  and  long  regarded 
as  sublimed  meconic  acid,  till  Robiquet,  in  1832,  obtained  meconic 
acid,  the  substance  from  which  pyromeconic  acid  is  formed,  and 
showed  that  the  acid  obtained  from  opium  exhibits  characters  different 
from  those  of  the  sublimed  acid.  He  prepared  the  lead-salt  of 
pyromeconic  acid,  and  showed  that  its  formula  is  PbO.  Cj„  H3  O5. 
Liebig  pointed  out  that  pjTOmeconic  acid  has  the  same  composition 
as  pyromucic  acid,  and  regarded  it  as  probable  that  the  two  acids 
were  identical.  This  supposition,  however,  has  been  completely 
refuted  by  Stenhouse. 

The  pyromeconic  acid  used  in  the  following  investigation  was  pre- 
pared by  distilling  impure  meconic  acid  (prepared  by  tmce  treating 
crude  meconate  of  lime  with  hydrochloric  acid)  at  a  temperature 
between  260°  and  315°  C.  It  was  purified  by  once  pressing  it  between 
bibulous  paper,  and  then  subliming  at  rather  a  low  temperature,  in  a 
cylindrical  vessel  fitted  with  a  number  of  transverse  diaphragms  of 
filtering-paper.  By  this  treatment,  the  acid  was  obtained  colourless 
and  pure  enough  for  the  preparation  of  all  its  salts  and  products  of 
decomposition. 

The  acid  thus  obtained  assumes  the  form  of  large,  beautiful,  trans- 
parent tables,  which  dissolve  readily  in  water  and  alcohol,  both  at 
iiigh  and  at  low  temperatures,  from  which  solutions  it  again 
crystallizes  in  tolerably  large  four- sided  prisms.  It  is  slightly  acid  to 
litmus-paper,  and  retains  this  acid  reaction  even  after  three  crystal- 
lizations from  boiling  water.  It  volatilizes  completely  at  100°  C,  a 
property  which  may  be  used  to  test  its  purity  from  parameconic  acid 
(with  which  it  is  always  contaminated  at  the  first  sublimation), 
inasmuch  as  the  latter  requires  a  much  higher  temperature  to  vola- 
talize  it. 

Pyromeconic  acid  gives  a  deep  red  colour  with  ferric  salts,  and 
forms  no  precipitate  with  the  chlorides  of  calcium,  barium  and  man- 
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ganesCj  or  with  sulphate  of  magnesia,  either  at  high  or  at  low 
temperatures,  even  on  the  addition  of  ammonia.  With  cori'osive 
sublimate,  it  forms  after  a  while  a  white  amorphous  precipitate  which 
redissolves  on  boiling.  On  treating  a  hot  aqueous  solution  of  pyro- 
meconic  acid  with  strong  caustic  potash  in  excess,  and  leaving  it  to 
stand  for  some  hours,  it  soon  jdelds  ciystals  consisting  of  the  acid  in 
its  original  state.  A  similar  experiment  was  made  with  ammonia, 
but  it  led  to  the  same  result :  in  both  cases,  the  liquid  became  nearly 
black. 

The  formula  of  pyromeconic  acid  is  HO  .  Cjq  H3  O5.  or  Cjq  H^  Og. 

Pyromeconate  of  Bai-yta. — Obtained  by  mixing  a  warm  ammo- 
niacal  solution  of  pyromeconic  acid  with  acetate  of  baryta,  the  salt 
being  then  deposited,  after  a  short  time,  in  small,  colourless,  silky 
needles.  In  dilute  solutions  they  do  not  form  immediately,  but 
their  formation  goes  on  very  quickly  when  once  begun. 

This  baryta- salt  is  the  most  soluble  of  all  the  earthy  pyromeconates  : 
water  at  15' 5°  C.  dissolves  2*50  per  cent  of  it.  It  is  but  slightly 
soluble  in  alcohol.  Like  all  the  pyromeconates,  it  has  a  strong  alka- 
line reaction,  and  gives  with  sesquichloride  of  iron  a  faint  red  colour- 
ing, which,  however,  is  stronger  when  crystals  of  the  salt  are  used 
instead  of  the  solution.  On  evaporation  in  vacuo,  the  salt  is  deposited 
in  short  prisms  of  a  yellowish  colour.  It  loses  nothing  in  weight  by 
exposm'C  to  a  temperature  of  100°,  but  when  more  strongly  heated,  it 
burns  with  slight  incandescence,  without  previously  melting.  The 
salt,  when  thoroughly  washed  with  alcohol  and  dried  at  100°  C,  was 
found  to  contain  BaO  .  Cjo  H,^  0^,  or  BaO  .  Cjo  H3  O5  +  HO. 

Pyromeconate  of  Strontia,  SrO  .  Cjq  H3  O5  +  HO. — On  mixing  an 
alcoholic  solution  of  nitrate  of  strontia  with  an  alcoholic  solution  of 
pyromeconic  acid  which  has  been  made  ammoniacal,  a  precipitate  is 
immediately  formed,  consisting  of  small,  silky  needles,  which,  by 
recrystallization  from  water  may  be  obtained  in  stellate  groups  having 
a  yellowish  colour.  The  salt  obtained  by  precipitation  is  colourless, 
slightly  soluble  in  water  and  alcohol  at  ordinary  temperatures,  more 
soluble  at  higher  temperatures,  and  has  a  strong  alkaline  reaction. 
Water  at  20°  C.  dissolves  1*3  per  cent  of  it.  It  does  not  lose  weight 
at  100°;  at  higher  temperatures  it  does  not  melt,  but  burns  with  a 
slight  explosion. 

Pyromeconate  of  Lime,  CaO.  0,^  H3  O5  +  IIO. — Obtained  in  the 
form  of  small,  colourless,  silky  needles  by  adding  an  excess  of  a  solu- 
tion of  acetate  of  lime  to  a  warm  ammoniacal  solution  of  pyromeconic 
acid.  It  is  slightly  soluble  in  warm  alcohol,  somewhat  more  soluble 
in  water,  from  which  it  crystallizes  as  the  solution  gradually  cools, 
in  crystals  of  considerable  magnitude.  Water  at  15-5°  C.  dissolves 
0"31  per  cent  of  it. 

Pyromeconate  of  Magnesia,  MgO.  Cj^,  11,  O5. — A  warm  aqueous 
solution  of  pyromeconic  acid  forms  with  acetate  of  magnesia  a  white 
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amorphous  precipitate  insoluble  in  water  and  alcohol.  The  reactions 
of  this  salt  are  exactly  like  those  of  the  other  pyromeconates.  It 
does  not  lose  weight  at  100°.  It  appears  to  be  the  only  earthy 
pyromeconate  which  contains  no  water. 

Pyromeconate  of  Lead,  PbO.  C^QllgOj. — Robiquet  obtained  this 
salt  by  adding  hydrated  oxide  of  lead  to  a  hot  solution  of  pyronieconic 
acid.  It  may  also  be  formed  by  adding  a  warm  concentrated  ammo- 
niacal  solution  of  pyronieconic  acid  to  acetate  of  lead,  whereupon 
there  is  immediately  deposited  a  dense  crystalline  powder,  which 
rapidly  increases  if  the  liquid  be  briskly  stirred.  The  crystals  are 
but  sparingly  soluble  in  hot  water,  and  still  less  soluble  in  alcohol 
whether  hot  or  cold.  The  precipitated  salt  is  colourless,  but  when 
exposed  to  daylight  quickly  turns  yellow.  It  does  not  lose  weight  at 
100°,  even  in  the  course  of  three  or  four  hours. 

Pijromeconate  of  Copper,  CuO.  Cj^  Hg  0-. — Stenhouse  obtained 
this  salt  by  boiling  the  acid  with  hydrated  oxide  of  copper,  and  leaving 
the  filtered  solution  to  cool.  It  may  also  be  formed  by  mixing 
ammoiiis-sulphate  of  copper  with  a  warm  aqueous  solution  of 
pyronieconic  acid  ;  a  precipitate  is  then  formed,  consisting  of  green, 
shining,  crystalline  needles,  which  are  very  brittle  and  easy  to  pul- 
verize. The  crystals  require  a  tolerably  large  quantity  of  hot  water 
to  dissolve  them  ;  in  cold  water  and  in  alcohol  they  are  but  very 
slightly  soluble. 

Pyromeconate  of  Ferric  Oxide,  '^Qo.  Og  3  .  Cjq  H3  O5. — This  salt  has 
been,  fully  described  by  Stenhouse,  who  obtained  it  by  boiling 
pyromeconic  acid  with  hydrated  ferric  oxide,  or  with  ferric  sulphate. 
It  may  likewise  be  formed  by  adding  sesquichloride  of  iron  to  a  hot 
concentrated  aqueous  solution  of  the  acid ;  cinnabar-coloured  crystals 
then  gradually  appear,  and  attach  themselves  to  the  sides  and  bottom 
of  the  vessel. 

DECOMPOSITION-PRODUCTS    OV    PYROMECONIC    ACID. 

^Vhen  a  few  crystals  of  pyromeconic  acid  are  moistened  with  strong 
nitric  acid,  they  immediately  assume  a  white  gelatinous  appearance,  and 
bubbles  of  nitrous  acid  are  soon  given  off.  On  applying  a  moderate 
heat,  the  action  becomes  extremely  violent,  and  remains  so,  even  if  the 
application  of  heat  be  discontinued ;  oxalic  acid  and  hydrocyanic  acid 
are  simultaneously  produced. — Sulphuric  acid  does  not  act  on  pyro- 
meconic acid  in  the  cold,  but  dissolves  it  at  a  gentle  heat,  forming  a 
colourless  liquid,  from  which  the  pyromeconic  acid  is  again  deposited 
on  cooling. — When  chlorine  is  passed  into  a  solution  of  pyromeconic 
acid,  no  substitution-product  is  formed,  the  action  being  apparently 
too  violent  for  that  result ;  in  fact,  the  acid  is  completely  decom-. 
posed,  and  the  liquid  is  afterwards  found  to  contain  oxalic  acid, 
though  not  in  large  quantity. — The  author  did  not  succeed  in  form- 
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ing  an  ether  by  passing  dry  hydrocliloric  acid  gas  through  a  solution 
of  the  acid  in  absolute  alcohol,  the  crystals  which  separated  out  from 
the  liquid  proving  to  be  nothing  but  the  unaltered  acid. 

Action  of  Bromine  on  Pyromeconic  Acid. — ^yhen  bromine  Nvater 
is  added  to  a  strong  aqueous  solution  of  pyromeconic  acid,  the  latter 
being  in  excess,  the  bromine  is  quickly  taken  up,  and  there  remains 
a  colourless  liquid,  which,  after  standing  for  an  hour  or  less,  de- 
posits beautiful,  small,  colourless  crystals  of  Bromopyromeconic  Acid, 

CjQ  "I  T>  f  ^  Og.     This  acid  is  slightly  soluble  in  cold  water,  somewhat 

more  soluble  in  hot  water,  and  reddens  litmus  slightly.  It  dissolves 
readily  in  boiling  alcohol,  and  crystallizes  from  this  solution  in  beau- 
tiful tables,  which,  howxver,  if  the  cooling  be  carefully  conducted,  are 
replaced  by  short  prisms.  With  ferric  salts,  the  acid  gives  a  deep 
purple-red  colour,  totally  distinct  from  the  red  produced  by  the 
original  acid.  Nitric  acid  decomposes  it  with  effervescence,  but  sul- 
phui'ic  acid  dissolves  it  without  visible  decomposition.  When  sub- 
jected to  dry  distillation,  it  fuses  and  afterwards  blackens,  giving  off 
hydrobromic  acid  in  large  quantity.  If  the  heat  be  allowed  to  act 
upon  it  for  a  longer  time,  a  white  crystalline  substance  begins  to 
collect  in  the  cold  part  of  the  tube ;  but  the  quantity  of  this 
substance  obtained  was  too  small  for  examination.  The  acid  gives 
no  precipitate  with  nitrate  of  silver,  and  does  not  reduce  the  oxide 
to  metallic  silver  on  boiling ;  neither  does  it  produce  any  precipitate 
in  solutions  of  chloride  of  barium,  chloride  of  calcium,  or  sulphate  of 
magnesia,  even  in  presence  of  ammonia.  With  ammonio-sulphate 
of  copper  it  exhibits  no  reaction  in  the  cold,  but  on  the  application 
of  heat  a  bluish  precipitate  is  formed. 

Bromopyromeconic  acid  is  monobasic,  like  pyromeconic  acid. 

Z/f-flc^-sa/^,  PbO.  Cjp  Hg  Br  O5+HO. — A  warm  alcoholic  solution 
of  the  acid  forms,  with  an  alkaline  solution  of  acetate  of  lead,  a  white 
precipitate,  consisting  of  small,  dense,  crystalline  needles,  which 
quickly  settle  down  to  the  bottom  of  the  vessel.  This  salt  may  also 
be  obtained  by  mixing  the  aqueous  solutions  of  the  acid  and  of 
acetate  of  lead,  and  adding  ammonia ;  but  when  thus  prepared,  it  is 
very  dark- coloured.     It  does  not  lose  weight  at  100°. 

The  author  has  likewise  obtained  a  substitution  product  of  pyro- 
meconic acid  with  iodine. 
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Researches    on   Chemical  Affinity. 
By   R.   Bunsen.* 

FIRST    MEMOIR. 

The  force  which  is  regarded  as  the  cause  of  chemical  affinity  may, 
as  is  well  known,  be  increased  and  diminished  by  various  influences. 
Its  magnitude  varies  under  the  influence  of  light,  heat,  and  elec- 
tricity ;  it  changes  with  the  proportion  of  the  acting  masses,  and  is 
essentially  modified  by  the  state  of  aggregation  of  matter,  as  well  as 
by  the  contact  of  the  acting  body  with  bodies  substantially  different. 
It  may,  therefore,  be  regarded  as  a  function  of  all  these  influences. 
If  the  mathematical  form  of  this  function  could  be  determined,  it 
would  afford  a  measure  of  the  absolute  magnitude  of  the  force 
itself. 

Claude  Berthollet,  the  celebrated  author  of  the  "Statique  Chi- 
mique,"  was  the  first  to  regard  the  cause  of  chemical  phenomena  fi'om 
this  point  of  view.  His  sagacious  contemplations  led  him  to  assume 
that  particular  law  of  the  action  of  masses,  which  was  named  after 
him,  and  is  still  at  the  present  day  regarded  as  valid,  and  by  which  he 
thought  he  could  express  the  relation  of  the  force  of  chemical  affinity 
to  the  mass  of  the  combining  bodies.  According  to  this  law,  a  body, 
to  which  two  different  substances  capable  of  uniting  chemically  with 
it,  are  presented  in  different  proportions,  divides  itself  between  these 
substances,  in  the  ratio  of  the  products  of  their  relative  masses  into 
the  absolute  strengths  of  their  chemical  affinities  for  it.  Thus,  if  the 
masses  of  the  two  bodies  which  are  present  in  excess  be  denoted  by 
A  and  B,  the  respective  coefficients  which  denote  their  absolute 
affinities  for  the  body  C  by  a  and  /3,  and  the  quantities  of  A  and  B 
which  actually  combine  with  C  by  a  and  b;  then  will  these  quantities 
be  to  another  as  a  A,  /3B,  i.  e. : 

a  :  b  =  aA  :  ^B. 

Hence  the  rates  of  the  absolute  affinity  of  A  to  C,   and  B  to  C, 
is  given  by  the  equation  : 

a  _aB 

J~bA 

It  appeared  to  me  a  matter  of  great  interest  to  subject  this  law, 
which  as  yet  is  destitute  of  any  experimental  support,  to  an  exact 
investigation.  The  result  of  this  examination  has  been  to  establish 
not  Berthollet^ s,  but  a  totally  different  law,  which  promises  to 
exert  a  not  unimportant  influence  on  our  views  of  the  mode  of  action 
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of  chemical  affinity.     The  substance  of  this  new  law   may  be  com- 
prised in  the  following  theorems. 

1.  When  two  or  more  bodies,  B,  B',  are  presented  in  excess  to  the 
body  A,  under  circumstances  favourable  to  their  combination  with  it, 
the  body  A  always  selects  of  the  bodies  B,  B' .  .  . .  quantities  which 
stand  to  one  another  in  a  simple  sto'ichiometrical  relation ;  so  that  for 
1,  2,  3  ... .  atoms  of  the  one  compound,  there  are  always  formed  1,  2, 
3,  4  ... ,  atoms  of  the  other. 

2.  If  in  this  manner  there  is  formed  an  atom  of  the  compound 
A'  +  B'  in  conjunction  with  an  atom  of  ^  +  -B,  the  mass  of  the  body  B 
may  be  increased  relatively  to  that  of  B'  up  to  a  certain  limit,  without 
producing  any  change  in  that  atomic  proportion. 

3.  When  a  body  A  exerts  a  reducing  action  on  a  compound  B+  C, 
present  in  excess,  so  that  A  and  B  combine  together,  and  C  is  set 
free ;  then  if  C  can,  in  its  turn,  exert  a  reducing  action  on  the  newly 
formed  compound,  the  final  result  of  the  reaction  is  such,  that 
the  reduced  part  of  i^+C  is  to  the  unreduced  portion  in  a  simple 
atomic  proportion. 

4.  In  these  reductions,  also,  the  mass  of  the  one  constituent  may, 
without  altering  the  existing  atomic  relation,  be  increased  up  to 
a  certain  limit,  above  which  that  relation  undergoes  changes  by 
definite  steps,  but  always  in  the  proportion  of  simple  rational 
numbers. 

It  is  not  surprising  that  these  remarkable  relations  have 
hitherto  passed  unobserved,  seeing  that  they  only  arise  when  the 
phenomena  of  combination,  which  are  regulated  by  them,  take  place 
quite  simultaneously.  For  even  if  the  body  A  were  originally  to 
select  for  combination  from  the  bodies  B  and  C,  quantities  bearing 
to  one  another  a  simple  atomic  relation,  but  the  combination  of 
A  and  B  were  to  take  place  in  shorter  time  than  that  of  A  and  C, 
it  would  follow  of  necessity  that,  during  the  whole  term  of  the  process, 
the  ratio  of  B  to  C,  and  consequently  also  the  mutual  atomic  relation 
of  the  associated  compounds  would  change,  so  that  the  observed  pro- 
portion would  be  no  longer  definite,  but  mixed.  The  same  result 
must  follow,  if  the  bodies  which  are  combining  side  by  side  be  not 
homogeneously  mixed  in  the  beginning.  The  law  will,  therefore,  be 
most  easily  recognisable  when  these  relations  do  not  exert  a  disturbing 
action,  as,  for  example,  in  combustible  gases,  which  before  combus- 
tion exist  in  a  condition  of  static  equilibrium.  I  shall,  therefore,  in 
the  following  investigations,  chiefly  avail  myself  of  such  mixtures. 

When  carbonic  oxide  and  hydrogen  are  exploded  with  a  quantity 
of  oxygen  not  sufficient  to  burn  them  completely,  the  oxygen  divides 
itself  between  the  two  gases,  according  to  the  law  above  mentioned, 
in  such  a  manner  that  the  quantitiijs  of  carbonic  acid  and  water  pro- 
duced, stand  to  one  another  in  a  simi)lc  atomic  proportion. 

The  combustions  were  made  in  a  eudiometer,  which  allowed  the 

G  2 
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pressure  to  be  varied  at  pleasure.  (For  the  description  of  the 
apparatus^  see  the  original  Memoir).  The  hydrogen  ufsed  in  the 
experiments  was  obtained  by  electrolysis,  and  the  carbonic  oxide  by 
the  action  of  sulphuric  acid  upon  formiate  of  magnesia ;  the  latter, 
after  being  washed  with  potash-ley,  was  found  to  be  quite  pure. 

I.  A  mixture  of  detonating  gas  (2  vol.  H  + 1  vol.  O,  obtained  by 
electrolysis),  and  carbonic  oxide,  containing,  in  100  parts : 

Carbonic  oxide  ....     72*57 

Hydrogen 18-29 

Oxygen 9*14 


100-00 


was  divided  into  two  portions.  The  first  portion,  burnt  in  the  dark 
at  0'"-7338  and  22  3°  C.,  gave  for  the  proportions  of  CO  and  H  con- 
sumed : 

Found.  Calculated. 

Carbonic  oxide    .     .     .     12-28         2  vols.         12-19 
Hydrogen       ....       600         1  vol.  6  09 


18-28  18-28 

II.  The  second  portion,  burnt  in  the  dark  at  0'^-7324  and  22-5°  C, 
gave: 

Found.  Calculated. 

Carbonic  oxide     .     .     .     ]2-09         2  vols.          12-19 
Hydrogen       ....       6-19         1  vol.  6-09 


18-28  18-28 

III.  A  similar  mixture,  containing,  in  100  parts : 

Carbonic  oxide  ....     59-93 

Hydrogen 26-71 

Oxygen 1336 


10000 


when  burned   in  daylight,  at  0°^-3952  and  22-5°  C,  gave,  for  the 
quantities  consumed,  in  100  parts  : 

Carbonic  oxide      .     .     .     13-06         1  vol.  13-36 

Hydrogen 1366         1    „  13-36 

In  Exp.  I.  and  II.,  the  ratio  of  the  oxygen  to  the  combustible  gases 
was  10  :  99-4,  and  that  of  the  hydrogen  to  the  carbonic  acid,  10 :  39-7. 
The  mixture  gave,  in  two  combustions,  the  proportions  of  1  vol. 
hydrogen  burned  to  2  vols,  carbonic  oxide. 
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In  Exp.  III.,  a  gaseous  mixture,  containing  only  64*9  vols, 
combustible  gases  to  10  vols,  oxygen,  and  only  22'2  vols,  carbonic 
oxide  to  10  vols,  hydrogen,  gave  equal  volumes  of  the  gases  consumed. 

In  the  following  experiments,  a  mixture  was  used  containing : 

Carbonic  oxide  ....     36" 70 

Hydrogen 42*17 

Oxygen 21-13 


100-00 


IV.  The  gas  was  burned  in  three  portions;  the  first,  bm-ned  in 
sunshine  at  0"'-7264  and  22*5°  C,  gave  for  the  quantities  consumed : 

Found.  Calculated. 

Carbonic  oxide      ...     11-01  1  vol.         10-56 

Hydrogen 31-25         3  vols.        31-70 


42-26  42-26 

V.  The  second  portion,  burned  in  the  dark  at  0'"-7230  and  22-6°  C, 
gave : 

Found.  Calculated. 

Carbonic  oxide      .     .     .     1065         1  vol.         10-57 
Hydrogen 31-61         3  vols.       31-69 


42-26  42-26 

VI.  The  third  portion,  burnt  in  daylight  at  0"^-3169  and  22°  C, 
gave : 

Carbonic  oxide      ...     10-71         1  vol.         10-59 
Hydrogen 31-55         3  vols.        31-67 


42-26  42-26 

VII.  The  next  experiment  was  made  with  a  mixture  containing  in 
100  vols. : 

Carbonic  oxide  ....     40-12 

Hydrogen 47-15 

Oxygen 12-73 


10000 


Burned  in  daylight  at  23°  C.  and  0"'-7200,  it  gave  for  the  quan- 
tities consumed : 

Found.  Calculated. 

Carbonic  oxide      .     .     .       4-97         1  vol.  5  09 

Hydrogen 20-49         1  vols.        20-37 

25-46  25-46 
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VIII.  Another  mixture,  of  unknown  composition,  gave  : 

Found.  Calculated. 

Carbonic  oxide      .     .     .       4*95         1  vol.  5-07 

Hydrogen 10-27         2  vols.        10-15 

In  the  mixture  with  which  the  Experiments  IV.,  V.  and  VI.  were 
made,  the  oxygen  was  to  the  combustible  gases  as  10  :  37-3,  and  the 
hydrogen  to  the  carbonic  oxide  as  10:8-7.  The  three  experiments 
show  that  the  volumes  of  H  and  CO  consumed  were  as  3:1, 
whether  the  pressure  to  which  the  gases  were  subjected  was  0"*7264, 
or  0"-3169,  and  whether  the  combustion  took  place  in  the  dark,  or 
in  daylight.  In  Exp,  VII.,  the  oxygen  was  to  the  combustible  gases 
as  10:68-5,  and  the  hydrogen  to  the  carbonic  oxide  as  10:8-5. 
From  this  mixture,  the  oxygen  took  4  vols.  H  to  1  vol.  CO.  Lastly, 
in  Exp.  VIII.,  the  combustion  produced  2  vols,  vapour  of  water  to 
1  vol.  carbonic  acid. 

The  proportions  of  hydrogen  and  carbonic  oxide  consumed  on  these 
several  gaseous  mixtures,  correspond  to  five  hydrates  of  carbonic  acid 
of  the  following  forms  : 

HO.  2CO2;  HO.  CO2;  2H0.  CO2;  3H0.  CO2;  4H0.  COg. 

Hence  it  might  be  imagined,  that  the  cause  of  the  combustion  taking 
place  in  these  atomic  proportions  is  to  be  found  in  the  actual  forma- 
tion of  these  hydi-ates.  Closer  consideration,  however,  will  show 
that  such  a  supposition  is  wholly  untenable.  It  may,  indeed,  be 
easily  showm  that  carbonic  acid  does  not  form  any  definite  compound 
with  water — at  least,  at  ordinary  temperatures.  The  author  has 
shown  (in  a  research  not  yet  published,  on  the  absorption  of  gases 
by  liquids),  that  the  coefficient  of  absorption  of  carbonic  acid  by 
w^ater,  which  is  0  85i5  at  19-6°  C,  and  1-4698  at  4-4°  C,  varies 
exactly  in  proportion  to  the  density  of  the  gas,  at  least,  wathin  the 
limits  observed,  and  consequently  exhibits  a  relation  which  is  totally 
inconsistent  with  the  formation  of  a  hydrate  of  carbonic  acid.  Hence 
it  is  impossible  to  believe  that  carbonic  acid  can  form  as  many  as 
four  or  five  definite  compounds  with  water.  But  even  if  this  sup- 
position were  admissible,  it  would  still  be  contrary  to  all  chemical 
experience  that  the  compound  2  HO.  COo  should  be  formed  at  the 
lowest,  the  compound  3  HO.  COo  at  a  higher,  and  the  hydrate 
4  HO.  CO2  at  the  highest  temperature.  We  find,  on  the  contrary,  in 
all  cases  hitherto  observed,  that  the  lower  hydrates  of  acids  bear,  with- 
out decomposition,  much  higher  temperatures  than  those  which  contain 
a  larger  quantity  of  water.  We  cannot,  therefore,  suppose  that  the 
compound  4  HO,  CO^,  formed  at  the  highest  temperature,  is  incapable 
of  existing  at  a  lower  temperature,  and  that  instead  of  it  only  the 
compounds  3  HO.  CO2,  2  HO,  COo,  or  HO.  CO2,  are  formed.  Bat 
there  is  yet  another  circumstance  which  speaks  most  decidedly  against 
this  hypothesis.     All  the  known   compounds  of  acids  with  several 
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atoms  of  water  are  incapable  of  existing  at  very  high  temperatures, 
whereas,  these  hydrates  of  carbonic  acid,  if  they  exist,  must  be 
formed  only  at  the  highest  temperatures,  and  must,  on  cooling,  be 
again  resolved  into  carbonic  acid  and  water.  And  even  if  all  these 
contradictions  could  be  reconciled,  by  the  assumption  that  at  the 
high  temperatures  at  which  the  combustion  of  the  gases  takes  place,  the 
combining  tendencies  may  be  the  reverse  of  those  which  are  observed 
at  lower  degrees  of  heat,  we  should  still  only  encumber  ourselves 
with  new  difficulties ;  for  there  are  other  phenomena  relating  to  the 
same  point,  which  even  this  assumption  is  unable  to  explain. 

When  oxygen  is  passed  over  red-hot  charcoal,  carbonic  acid  is 
formed;  but  this  gas,  by  the  further  action  of  the  charcoal,  is 
completely  converted  into  carbonic  oxide.  If  the  oxygen  gas  be 
replaced  by  vapour  of  water,  the  charcoal  is  likewise  oxidized,  and 
hydrogen  separated.  The  action  does  not,  however,  proceed  to  the 
complete  formation  of  carbonic  acid,  but  stops  when  for  eveiy  4  vols, 
hydrogen  separated,  there  have  been  formed  exactly  1  vol.  carbonic 
acid,  and  2  vols,  carbonic  oxide.  A  gaseous  mixture,  obtained  by 
this  process,  gave  by  analysis  the  following  results : 


Hydrogen   . 
Carbonic  oxide 
Carbonic  acid  . 


The    same   composition    is   foi 
analysed  more  than  fifty  years  ago  by  Clement  and  Desormes  : 

Hydrogen 56'22 

Carbonic  oxide   ....  28-96 

Carbonic  acid     .     .     .     .  14*63 

Marsh-gas 0-19 


Found. 

Calculated. 

56-52 

4  vols. 

57-14 

28-71 

2    ., 

28-57 

14-77 

1  vol. 

14-29 

100-00 

100-00 

und   in    a 

similar 

caseous  mixture 

10000 
If,  now,  we  suppose  that  the  simple  atomic  relation  of  the  simul- 
taneously formed  products  of  decomposition  results  from  a  combina- 
tion formed  according  to  the  same  proportion,  we  are  met  by  an 
irreconcilable  contradiction.  For  since  the  products  of  oxidation  thus 
formed  contain  4  atoms  oxygen  to  3  atoms  carbon,  we  should,  on  the 
hypothesis  just  mentioned,  be  obliged  to  admit  that  a  body  having  the 
composition  of  mesoxalic  acid  is  formed  at  a  red  heat,  and  resolved 
on  cooling  into  carbonic  oxide  and  carbonic  acid, — imless  indeed  we 
were  to  take  refuge  in  the  still  more  absurd  supposition  that  an 
organic  compound,  C,5H4  04,  corresponding  in  composition  to  the 
decomposition-products  obtained,  has  actually  existed  at  the  red  heat, 
but  has  been  resolved  on  cooling  into  hydrogen,  carbonic  oxide  and 
carbonic  acid. 
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Especially  remarkable  is  the  behaviour  of  cyanogen  when  imper- 
fectly burned.  Nitrogen  is  then  set  free,  and  carbonic  acid  and 
carbonic  oxide  produced  in  quantities  which  bear  to  one  another,  as 
the  law  requires,  a  simple  atomic  relation.  The  experiment  is  diffi- 
cult, inasmuch  as  the  combustion  must  be  made  at  a  temperature  low 
enough  to  prevent  any  partial  oxidation  of  the  nitrogen.  To  this  end 
it  is  necessary  to  ascertain  by  preliminary  experiments  the  limits  of 
inflammability  of  cyanogen,  and  then,  having  made  a  mixture  in 
proportions  near  that  limit,  to  compress  it  so  far  that  the  limit  of 
inflammability  may  be  just  passed,  and  the  combustion  in  the  eudi- 
ometer may  take  place  wathout  sublimation  of  mercury.  In  this 
manner  a  mixture  of  cyanogen,  free  oxygen  and  atmospheric  air  con- 
taining in  1 00  parts  : 

Cyanogen 18-05 

Oxygen 28-87 

Nitrogen 53-08 


100-00 

yielded  by  combustion  the  following  products : 

Nitrogen 17-42         3  vols.  17-42 

Carbonic  oxide     .     .     .     11-93         2  vols.  11-61 

Carbonic  acid       .     .     .     22-90         4  vols.         23-22 


52-25  52-25 

Hence  it  appears  that  the  oxygen  unites  with  the  carbon  of  the 
cyanogen,  not  to  form  carbonic  acid  or  carbonic  oxide  alone,  but 
both  together,  and  moreover  in  a  simple  atomic  proportion,  as  if  the 
compound  CO  .  2  CO2  or  CgOj  had  been  formed.  As  it  is  not  possible  by 
altering  the  proportions  of  this  mixture  to  attain  the  limit  at  which 
this  particular  proportion  passes  into  another,  without  incurring  the 
disturbing  effect  of  a  simultaneous  oxidation  of  the  nitrogen,  I  have 
been  obliged  to  give  up  the  further  prosecution  of  the  experiments 
with  mixtures  containing  cyanogen. 

A  wider  range  is  afforded  by  experiments  with  a  mixture  of  carbonic 
acid  with  hydrogen  and  oxygen,  in  the  combustion  of  which  the 
carbonic  acid  is  exposed  at  the  same  time  to  the  reducing  action 
of  the  hydrogen  and  the  oxidizing  action  of  the  oxygen.  These 
experiments  demonstrate  the  remarkable  fact  that  the  phenomena  of 
reduction  likewise  take  place  in  such  a  manner  that  the  reduced  and 
unreduced  portions  of  the  compound  bear  to  each  other  a  simple 
atomic  relation. 

The  contraction  which  a  mixture  of  carbonic  acid  and  hydrogen 
suffers  by  combustion  with  detonating  gas  is  equal  to  the  volume  of 
the  carbonic  oxide  formed.  Moreover,  as  the  latter  is  equal  to  that 
of  the  carbonic  acid  reduced,  we  have  only  to  deduct  the  observed 
contraction  from  the  volume  of  carbonic  acid  originally  present  in  the 
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mixture,  and  the  difference  will  give  the  portion  of  carbonic  acid 
which  has  escaped  reduction. 

A  mixture  of  carbonic  acid,  hydrogen  and  detonating  gas  contain- 
ing 8*52  per  cent  carbonic  acid,  70'33  hydrogen  and  21'15  oxygen^ 
yielded  in  this  manner  3  vols,  carbonic  oxide  to  2  vols,  carbonic  acid, 
just  as  if  5  atoms  CO,  had  been  reduced  to  the  compound  C5  0^,  or 
as  if  the  compound  3  CO.  2  CO2  had  been  formed. 

The  gas  remaining  after  the  combustion  in  the  last  experiment  was 
again  mixed  with  detonating  gas  in  such  proportion  as  to  form  a 
mixture  containing  4'41  per  cent  carbonic  oxide,  2*96  carbonic  acid, 
68-37  hydrogen  and  24'26  oxygen.  The  combustion  produced  an 
expansion,  showing  that  a  portion  of  carbonic  oxide  had  been  burnt 
and  converted  into  carbonic  acid ;  and  the  quantity  of  CO  thus 
oxidized  was  to  that  which  remained  unaltered  as  1  vol.  to  3  vols, 
corresponding  to  the  compound  C^^  O5  or  3  CO,  COg. 

On  collecting  the  results  of  all  these  experiments,  it  appears  that 
the  reducing  and  oxidizing  actions  of  oxygen  are  exerted  as  if  the 
following  compounds  were  thereby  produced  : 

2  CO.  CO2 ;  3  CO.  CO2 ;  3  CO.  2  CO2 ;  HO.  2  CO2  ;  HO.  CO2 ; 
2H0.  CO2;  3H0.  2CO2;  4H0.  2CO2. 

If  the  formulfe  thus  determined,  nearly  all  of  w'hich  correspond  to 
miknown  compounds,  could  be  regarded  as  the  expressions  of  really 
existing  substances,  a  mode  w^ould  be  found  of  determining  before- 
hand, by  experiment,  the  atomic  relations  of  compounds  yet  unknown. 
But  whatever  signification  may  be  attached  to  these  remarkable 
formulse,  and  whatever  other  relations  may  lie  hid  in  them,  they  must 
even  now  be  regarded  as  the  expression  of  a  peculiar  mode  of  action 
of  chemical  affinity ;  and  the  numbers  which  enter  into  them  must  be 
distinguished,  as  coefficients  of  affinity,  from  the  atomic  numbers 
which  are  coefficients  of  combination. 

Although  the  results  of  the  preceding  investigation  must  modify 
considerably  our  ideas  of  the  mode  of  action  of  chemical  affinity, 
I  refrain  for  the  present  from  any  interpretation  of  the  law  above 
enumerated.  It  appears  to  me  to  be  essential  to  ascertain  whether 
the  same  law  holds  good  for  liquids,  and  to  assign  the  conditions 
which  determine  the  alteration  of  the  coefficients  of  affinity.  The 
limits  at  which  these  coefficients  suddenly  pass  from  one  rational 
proportion  to  another,  and  at  which  therefore  the  force  of  affinity  is,  as 
it  were,  in  a  state  of  instable  equilibrium,  promise  to  afibrd  the  most 
important  revelations  respecting  the  influence  of  other  forces,  which 
are  here  certainly  to  be  detected  in  their  minutest  workings,  namely, 
of  light  and  heat,  and  likewise  of  mass  and  contact.  These  relations 
will  form  the  subject  of  a  future  Memoir. 
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On  the  Constitution  of  Iodide  of  Nitrogen. 
By  R.  Bunscn." 

That  the  elements  of  water  are  not  concerned  in  the  formation  of 
iodide  of  nitrogen,  follows  from  the  simple  fact  that  a  concentrated 
solution  of  iodine  in  absolute  alcohol,  on  being  saturated  with  anhy- 
drous ammonia,  yields  iodide  of  nitrogen  without  any  decomposition 
of  the  solvent.  Hence  we  may  conclude  that  iodide  of  nitrogen 
contains  no  oxygen,  but  only  nitrogen,  iodine  and  hydrogen.  More- 
over, since  in  the  formation  of  this  compound  from  iodine  and 
ammonia,  there  is  but  one  secondary  product  obtained,  viz.  hydriodic 
acid,  it  follows  that  the  so-called  iodide  of  nitrogen  must  be  a  substi- 
tution-product of  ammonia,  in  which  the  hydrogen  is  wholly  or 
partially  replaced  by  ammonia,  viz. : 

1.  NH3  +  6I  +  aI=    Nl3f3HI+.rI 

2.  NH3  +  4I         =NHI„  +  2HI 

3.  NH3+2I         =NH/+    hi 

Either  of  the  compounds,  1,  2  or  3,  might  however  contain  am- 
monia or  hydriodic  acid  in  addition.  But  it  is  easily  shown  that 
hydriodic  acid  cannot  enter  into  the  composition  of  iodide  of  nitrogen ; 
for  this  substance  dissolves  in  hydrochloric  acid  without  evolution  of 
gas,  forming  a  liquid  which  contains  ammonia  and  protochloride  of 
iodine,  but  no  hydriodic  acid.  This  reaction  shows  indeed  that  iodide 
of  nitrogen  is  a  compound  of  the  form  NI3,  NHIg  or  NH2I,  either 
alone  or  combined  with  the  elements  of  ammonia.  Which  of  these 
two  alternatives  is  the  correct  one  may  be  easily  decided,  if  we  can 
find  the  atomic  proportion  which  the  products  of  the  decomposition 
of  iodide  of  nitrogen  by  hydrochloric  acid  bear  to  each  other.  For  if 
ammonia  and  protochloride  of  iodine  are  the  only  products  thus 
formed,  the  decomposition  must  take  place  in  one  of  the  following 
ways : 

4.  Nl3  +  3HC1  =  3IC1  +  NH3 

5.  NHIo  +  2HCl  =  2ICl  +  NH3 

6.  NH2r+    HC1=    ICI  +  NH3 

Hence  it  appears  that  the  so-called  iodide  of  nitrogen  must  be,  so 
to  speak,  a  nitrile,  an  imide,  or  an  amide  of  iodine,  according  as  3,  2 
or  1  atom  of  protochloride  of  iodine  is  separated  for  each  atom  of 
ammonia.  Similarly  we  may  infer  that  the  separation  of  2  atoms  of 
ammonia  to  3  atoms  of  protochloride  of  iodine  would  correspond  to 

*  Ann.  Ch.  Pharm.  LXXXIV,  1. 
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the  compound  NH3  +  NI3,  and  the  separation  of  2  atoms  of  ammonia 
to  1  atom  of  protochloride  of  iodine  to  the  compound  NH34-NH2I. 
It  follows  that  the  composition  of  iodide  of  nitrogen  may  be  deter- 
mined by  the  products  of  its  decomposition  by  hydrochloric  acid, 
viz. : 

I.  By  the  quantity  of  ammonia  formed. 
II.  By  the  composition  and  quantity  of  the  chloride  of  iodine. 

The  ammonia  is  determined  as  usual  by  precipitation  with  chloride 
of  platinum. — To  determine  the  chloride  of  iodine  the  following- 
method  was  used : 

Two  equal  volumes  of  the  hydrochloric  solution  of  iodide  of  nitrogen 
are  taken.  In  the  one,  the  iodine  is  precipitated  by  chloride  of  palla- 
dium, after  the  chloride  of  iodine  has  been  converted  by  sulphurous 
acid  into  hydrochloric  and  hydriodic  acid.  Let  the  quantity  of  iodine 
thus  found  be  i.  A  known  volume  of  an  aqueous  solution  of  sul- 
phurous acid  is  then  taken,  in  which  the  quantity  of  iodine  i^  required 
to  decompose  the  sulphurous  acid  has  been  determined  by  a  prelimi- 
nary iodometric  experiment.  To  this  solution  the  second  portion  of 
the  hydrochloric  acid  solution  of  the  iodide  of  nitrogen  is  added,  and 
the  quantity  of  iodine  i^^  then  required  to  decompose  the  sulphurous 
acid  then  determined  by  similar  means.  The  quantity  of  chlorine  c 
contained  in  the  chloride  of  iodine  is  then  given  by  the  equation : 

CI,.      .      .- 

Lastly,  another  equal  volume  of  the  hydrochloric  acid  solution  is 
evaporated  over  the  water-bath  till  all  the  chloride  of  iodine  is  driven 
off,  and  the  ammonia  is  determined  by  precipitation  with  chloride  of 
platinum. 

The  iodide  of  nitrogen  used  for  the  analysis  was  prepared  by 
mixing  cold  saturated  solutions  of  iodine  and  ammonia  in  absolute 
alcohol.  A  black  powder  was  precipitated,  which  could  be  washed 
with  absolute  alcohol  without  suffering  the  slightest  decomposition. 
The  product  thus  obtained  was  dissolved  while  yet  moist  in  dilute 
hydrochloric  acid  :  it  dissolved  readily  and  without  evolution  of  gas. 
From  the  resulting  solution  three  equal  volumes  were  measured  out. 
The  first  gave  0'3290  grm.  chloroplatinate  of  ammonium.  The 
second  gave  O'llSG  grm.  ])ulladium  by  ignition  of  the  precipitated 
iodide  of  palladium.  The  fKird  was  added  to  a  quantity  of  sulphurous 
acid  which,  according  to  a  preliminary  experiment,  required  241*6 
cub.  cent,  of  iodine-solution  (containing  0*005  grm.  in  a  cub.  cent.) 
to  decompose  it,  and  the  quantity  of  iodine  still  required  for  that 
])urpose  after  the  addition  of  the  hydrochloric  acid  solution,  was  found 
to  be  131-4  cub.  cent. 

Hence  the  quantity   of  ammonia  =0-02508;    also  i  =  0-27551  ; 
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«^=:1'2080;  z^^=0-6570;  whence  we  find  for  the  products  of  the 
decomposition  : 

Experiment.         Atomic  proportion. 

Ammonia     .     .     .     0-02508  2-04 

Iodine      ....     027551  3-00 

Chlorine.     .     .     .     007701  3-00 

that  is  to  say^  2  atoms  ammonia  to  3  atoms  protochloride  of  iodine. 
Consequently  iodide  of  nitrogen  can  be  nothing  else  than  a  compound 
of  ammonia  in  which  the  ivhole  of  the  hydrogen  is  replaced  by  iodine, 
with  an  atom  of  undecomposed  ammonia,  as  expressed  by  the  formula 
NHg,  NI3 :  this  will  appear  more  plainly  from  the  following  com- 
parison of  the  analytical  and  calculated  results  : 


Protochloride  of  Iodine. 

Iodide  of  Nitrogen. 

Atoms. 

Cl        1 

I       1 

Calc. 

21-85 
78-15 

Found. 

21-85 
78-15 

N 

I 

NH3 

Atoms. 
1 

3 

1 

Calc. 

3-40 

92-46 

4-14 

Found. 

3-46 

92-33 

4-21 

ClI 

100-00 

100-00 

NH3.NI. 

! 

100-00 

10000 

Results  nearly  of  equal  accordance  were  obtained  from  the  analysis 
of  an  iodide  of  nitrogen  prepared  by  the  use  of  less  concentrated 
alcoholic  solutions  of  iodine  and  ammonia. 

To  determine  whether  iodide  of  nitrogen  precipitated  from  aqueous 
solutions  has  the  same  composition  as  that  obtained  with  alcoholic 
solutions,  a  dilute  solution  of  iodine  in  aqua-regia  was  mixed  with 
ammonia,  and  the  resulting  precipitate  washed  as  quickly  as  pos- 
sible with  such  a  quantity  of  cold  water,  that  the  remaining  mother- 
liquor  could  not  contain  more  than  001  milligrm,  ammonia.  The 
analysis  of  the  washed  precipitate,   conducted  as   before,  led  to   the 


formula  NH3.  4NI3. 

Protochloride  of  Iodine. 


Atoms.         Calc. 

Cl         1         21-85 
I  1         78-15 


Found. 

21-94 
7806 


Iodide  of  Nitrogen. 

I • * — > 

Atoms.  Calc.  Found. 

N  4  3-51  3-54 

I  12         95-43         95-31 

NH,        1  1-06  1-15 


ClI 


10000       10000 


NH3.4NI3 


100-00       100-00 


The  great  facility  with  which  the  ammonio-iodide  of  nitrogen  de- 
composes, with  separation  of  iodine  and  nitrogen,  when  continuously 
washed  with  water,  renders  it  difficult  to  decide  directly  whether  the 
quantity  of  ammonia  actually  found  in  it  is  really  chemically  com- 
bined or  merely  mechanically  mixed.     But  an  examination  of  the  de- 
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composition-products  obtained  from  ammonio-iodide  of  nitrogen  by 
the  action  of  water,  leads  inevitably  to  tlie  conclusion  that  the  ammonia 
is  really  chemically  combined.  To  establish  this  conclusion,  it  is 
merely  necessary  to  continue  the  washing  till  the  greater  part  of  the 
compound  is  decomposed,  with  separation  of  iodine  and  nitrogen, 
then  dissolve  the  remaining  impure  iodized  compound  in  hydrochloric 
acid,  and  examine  the  solution  as  before. 

If  by  continued  washing,  the  compound  Nig,  free  from  ammonia, 
were  at  last  produced,  together  with  free  iodine  separated  as  a  pro- 
duct of  decomposition,  the  hydrochloric  acid  solution  could  not 
contain  more  than  1  atom  ammonia  to  3  atoms  chloride  of  iodine ; 
but  if  the  iodide  of  nitrogen  can  only  exist  in  combination  with 
ammonia,  then,  however  long  the  washing  may  have  been  continued, 
the  hydrochloric  acid  solution  will  always  contain  more  than  1  atom 
ammonia  to  3  atoms  ICl ;  thus,  in  the  former  case  : 

^I  +  Nl3  +  3HC1=^I  +  3IC1  +  NH3 

and  in  the  latter  : 

ai  +  Nl3  +  ^NH3  +  3  HCl=a^I  +  3  ICl  +  NH3-f-a?NH3. 

To  decide  the  question,  therefore,  a  portion  of  the  iodide  of  nitrogen 
used  for  the  analysis  was  washed  for  several  hours  longer  with 
distilled  water,  and  then  left  to  stand  for  a  while  suspended  in  water. 
On  the  addition  of  hydrochloric  acid,  a  considerably  quantity  of  free 
iodine  remained  undissolved.  The  solution,  which,  besides  ammonia 
and  protochloride  of  iodine,  must  likewise  have  contained  free  iodine, 
gave,  when  analysed  as  above,  results  corresponding  to  1  atom  am- 
monia and  3  atoms  protochloride  of  iodine,  together  with  free  iodine. 

We  may  conclude  then  that  the  ammonia  forms  an  essential  con- 
stituent of  the  so-called  iodide  of  nitrogen,  and  that  besides  the 
compound  NH3.NI3,  there  probably  exists  another,  having  the 
composition  NH3.4NI.3.  The  manner  in  which  these  compounds 
are  jPormed  directly  from  iodine  and  ammonia,  is  easily  seen  from  the 
following  equations : 

2  NH3  +  6I  =  NH3,  NI3  -f-3  HI 
and: 

4  (NH3  .  NI3)  -h3  H0  =  NH3,  4NI3  +  3  NII4O. 

On  the  other  hand,  their  formation  from  the  chloride  of  iodine 
obtained  by  the  action  of  iodine  in  aqua-regia  would  be  in  direct  contra- 
diction to  the  formula  NII3,  NI..,  if  that  chloride  were  really  ICI3,  as 
sometimes  supposed,  and  not  ICl.  For  the  action  of  ICI3  on 
ammonia  could  not  produce  NI3,  but  only  NI,  This  discrepancy  led 
the  author  to  suspect  that  the  chloride  of  iodine  obtained  in  the 
manner  just  mentioned,  is  not  really  a  terchloridc  but  a  protochloride, — 
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a  supposition  which  has  been  fully  confirmed  by  experiments  made  in 
the  author's  laboratory  by  Mr.  Cohn. 

The  formation  of  ammonio-iodide  of  nitrogen  by  the  action  of 
ammonia  on  chloride  of  iodine  may  therefore  be  expressed  by  the 
following  equation  : 

2NH3  +  3IC1=NH3.NI3  +  3HC1. 

The  view  here  given  of  this  compound  likewise  gives  an  easy 
account  of  the  changes  which  take  place  when  it  explodes.  The 
first  products  of  the  explosive  decomposition  are  nitrogen  and  hydri- 
odic  acid  : 

NH3.Nl3=3HI  +  2N; 

but  the  latter,  at  the  higher  temperature  which  accompanies  the 
decomposition,  must  be  resolved  for  the  greater  part  into  iodine  and 
hydrogen;  while  another  part  of  the  acid  must  unite  with  another 
part  of  the  compound  to  form  iodide  of  ammonium,  and  thereby  set 
free  quantities  of  iodine  and  nitrogen  equivalent  to  this  ammonia. 


THE 


QUARTERLY    JOURNAL 


CHEMICAL     SOCIETY, 


VIII. — On  the  Solid  Compound  obtained  by  Distilling  Stearic  Acid 

with  Lime. 

By  Thomas  H.  Rowney,  Ph.D.,  F.C.S. 

(assistant    in    the    college    laboratory,    GLASGOW.) 

TTiougli  the  solid  compounds  obtained  by  the  distillation  of  mar- 
garic  and  stearic  acids  with  lime,  have  been  examined  b)^  Bussy, 
Redtenbacher  and  Varrentrap,  these  chemists  do  not  agi'ee  in 
the  formula  given  by  them  to  these  bodies.  Bussy,*  to  the  product 
obtained  from  margaric  acid,  gave  the  formula  C34H33O,  and  to  that 
obtained  from  stearic  acid  CjjgHg^O.  The  first  of  these  compounds 
he  named  margarone,  and  the  second  stearone.  Redtenbacherf 
also  describes  two  compounds :  the  first,  margarone,  he  considers  to 
be  C33H33O,  and  the  second  to  be  margarone  combined  with  a  hy- 
drocarbon, and  to  have  the  formula  C45H45O,  or  C33H33O  +  Cj2Hi.2. 
VarrentrapJ  likewise  gives  the  formula  C33H33O  for  margarone. 

Some  time  ago,  having  ])rcparcd  some  of  the  solid  compomid  by 
distilling  stearic  acid  with  lime,  I  made  an  examination  of  it  in  order 
to  ascertain  the  cause  of  these  different  statements ;  but  my  results 
differed  considerably  from  those  obtained  by  Bussy,  Redtenbacher 

*  Ann.  Ch.  Phys.  [2]  LIII,  1833. 
t  Ann.  Ch.  Pharm.  XXXV,  XXXVI.'  X  Ibid. 
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and  Varrentrap.  A  reference  to  their  papers  on  the  subject,  how- 
ever, at  once  made  he  canse  of  these  different  results  apparent. 

In  the  foUowini  paper  I  have  endeavoured  to  explain  this,  first 
detailing  my  own  xperiments,  and  then  comparing  the  results  ob- 
tained with  those  L  the  previously  mentioned  chemists. 

To  obtain  the  empound,  stearic  acid  as  produced  in  the  stearine 
manufactory  was  used  with  half  its  weight  of  quicklime  in  an  iron 
pot ;  this  was  put  ito  a  deep  sand-bath  and  covered  with  sand,  and 


the  distillation  caued  on  rapidly ; 
liquid,  but  it  ■^er  soon  begi 
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III. 


IV. 


•1720 

grm. 

substance  gave 

•5165 

carbonic  acid,  ai 

•2115 

water. 

•2155 

substance  gave 

•6477 

carbonic  acid,  ad 

•2660 

water. 

These  numbers  correspond  to  the  following  pcKntages 


Mean. 


82^51 


13-85 


numbers  required  for  margarone,  CgaHgjOare 


81-89 

897 

82-12 

13-66 

172 

13-74 

— 

- 

4-14 

100-00 


.  82-8^. 
.  13-8( 
.       3-3f 

100-0( 

very  well  mth  those  obtainecby  analysis.  The 
however,  agree  better  ith  the  following 
given  the  calculated  numers. 


^8^8^* 

c 

.     .       82-35 

H 

.     .       13-72 

0 

.     .•         3-93 

100-00 

jpafference  in  the  quanties  of  carbon  and 

r  fs  very  small  indeed,ind  consequently, 

hich  formula  to  adop  merely  from  the 

self;   but  by  obtainig   a  substitution- 

16  formula  CggHggO,  oCggHsgOo. 
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and  Varrentrap.  A  reference  to  their  papers  on  the  subject,  how- 
ever, at  once  made  the  cause  of  these  different  results  apparent. 

In  the  following  paper  I  have  endeavoured  to  explain  this,  first 
detailing  my  own  experiments,  and  then  comparing  the  results  ob- 
tained with  those  of  the  previously  mentioned  chemists. 

To  obtain  the  compound,  stearic  acid  as  produced  in  the  stearine 
manufactory  was  mixed  with  half  its  weight  of  quicklime  in  an  iron 
pot ;  this  was  put  into  a  deep  sand-bath  and  covered  with  sand,  and 
the  distillation  carried  on  rapidly ;  the  distillate  whilst  hot  was  quite 
liquid,  but  it  very  soon  began  to  deposit  crystals,  and  when  quite 
cold  an  abundant  crop  of  crystals  was  deposited ;  these  were  separated 
from  the  oily  liquid  by  filtration. 

I  found  the  best  method  of  purifying  the  substance,  was  to  melt  it 
by  gently  heating  it,  and  then  mix  some  ether  with  the  liquid 
obtained ;  by  exposure  to  cold,  crystals  were  deposited ;  the  oily 
matter  retained  by  the  ether  was  separated  from  the  crystals  by 
filtration.  By  I'epeating  this  process  several  times,  all  the  oily  matter 
was  removed ;  then,  by  crystallizing  two  or  three  times  from  boiling 
ether,  the  substance  was  obtained  quite  pure. 

In  this  state  it  forms  beautiful  white  crystalline  plates,  soluble  in 
boiling  alcohol,  and  very  soluble  in  ether;  it  fuses  at  76°  C,  but 
after  fusion  does  not  solidify  until  the  temperatui'e  falls  to  72°  C. ; 
the  fused  substance  crystallizes  on  cooling.  When  cold  it  may  be 
reduced  to  powder  by  rubbing  in  a  mortar,  but  it  becomes  highly 
electrical  by  friction,  so  much  so,  that  it  is  difficult  to  collect  the 
powder.  When  heated  in  a  test-tube  with  strong  sulphuric  acid,  it 
is  decomposed,  sulphurous  acid  is  given  off,  and  a  black  carbonaceous 
residue  left  in  the  tube.  Nitric  acid  does  not  act  upon  it  even  when 
boiled  with  it,  but  it  is  decomposed  when  heated  with  a  mixture  of 
strong  sulphuric  and  nitric  acids,  a  volatile  oily  acid  being  formed. 
This  decomposition  I  was  not  able  to  follow  out,  for  want  of  sub- 
stance. Other  oxidizing  agents  were  tried,  but  with  no  satisfactory 
results. 

The  following  numbers  were  obtained  by  analysis,  the  fused  sub- 
stance being  employed,  and  the  combustions  made  with  chromate 
of  lead. 

I.     '2033  grm.  of  substance  gave  •.'^ 

•2535         „        water. 
II.     •1770        „        substance  gave 
•5355         „        carbonic  acid. 

*  The  carbon  of  the  first  and  the  hydrogen  of  the  second  combustion  were  lost. 
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III.  '1720  grm.  substance  gave 
•5165  „  carbonic  acid,  and 
•2115  „  water. 

IV.  "2155  „  substance  gave 
•6477  „  carbonic  acid,  and 
•2660  „  water. 

These  numbers  correspond  to  the  following  percentages : 

I.  II.  III.  IV.  Mean. 

C     .     .        —  82^51 

H     .     .     13-85  — 

O     .     .       —  — 


81-89 

81-97 

82-12 

13-66 

13-72 

13-74 

— 

— 

4-14 

100^00 


The  numbers  required  for  margarone,  C33H33O,  are 

C         .         .         .  •      .     82-84 

H         .         .         .         .     13-80 

.     O         .         .         .         .       3-36 


10000 


wnich  do  not  agree  very  well  with  those  obtained  by  analysis.  The 
experimental  numbers,  however,  agree  better  with  the  following 
formulae,  of  which  I  have  given  the  calculated  numbers. 


C27H27O. 

^28^280* 

c 

.     .     .     82-23 

C 

.     .     .     82-35 

H 

.     .     .     13-70 

H 

.     .     .     13-72 

0 

.     .     .       4-07 

0 

.     .     .       393 

10000  100-00 

It  will  be  seen  that  the  difference  in  the  quantities  of  carbon  and 
hydrogen  in  these  formulae  is  very  small  indeed,  and  consequently, 
that  it  is  difficult  to  decide  which  formula  to  adopt,  merely  from  the 
analysis  of  the  substance  itself;  but  by  obtaining  a  substitution- 
product  I  was  led  to  adopt  the  formula  CogHggO,  or  CggH^gOo. 

Bussy  tried  the  action  of  chlorine  upon  his  substance,  but  ob- 
tained no  satisfactory  results.  With  bromine  I  have  met  with  better 
success ;  but  iodine,  even  when  fused  with  it,  has  no  action  u])on  it. 

When  bromine  is  added  to  the  fused  substance  in  a  small  flask,  it 
acts  upon  it  immediately,  hydrobromic  acid  being  given  off,  and  a 
red  oily  liquid  remains  at  the  bottom  of  the  flask  ;  this  solidifies  into 
a  crystalline  mass  when  agitated  under  water ;  the  excess  of  bromine 

H    2 
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was  separated  from  it  by  washing,  first  with  dikite  ammoniacal  water, 
and  then  with  cokl  alcohol.  To  obtain  the  substance  pure,  it  was 
dissolved  in  cold  ether,  and  by  allowing  the  ethereal  solution  to 
evaporate  spontaneously,  tufts  of  feathery  crystals  were  deposited ; 
the  mother-liquor  was  poured  off,  the  crystals  were  again  dissolved  in 
ether,  and  the  solution  allowed  to  evaporate.  When  this  process  had 
been  repeated  three  or  four  times,  very  ])rilliant  crystals  were 
obtained.  Under  the  microscope,  these  were  found  to  consist  of 
square  plates  collected  together  into  feathery  tufts ;  when  viewed  by 
means  of  polarized  light  they  exhibit  a  brilliant  display  of  colours ; 
the  original  substance,  on  the  contrary,  shows  no  colours.  The 
fusing-point  of  the  bi-omine-compound  was  found  to  be  from  43°  C. 
to  45"  C. 

For  analysis,  the  substance  was  dried  in  vacuo  over  sulphuric  acid, 
and  the  combustions  were  made  with  chromate  of  lead. 

I.     '3077  grms.  of  substance  gave 


•6740 

carbonic  acid,  and 

•2710 

water. 

II. 

•2836 

substance  gave 

•6235 

carbonic  acid,  and 

•2490 

water. 

II. 

•2758 

substance,  burnt  with  lime,  gave 

•1810 

bromide  of  silver. 

I. 

II.                  III.               Mean. 

c    . 

.     59-77 

59-95            —           59-86 

H    . 

.       9-78 

9-75            —             9-76 

Br  . 

.  — 

—          27-93         27-93 

On  comparing  these  numbers  with  the  three  following  formulae, 

H 

they  will  be  found  to  agree  best  with  the  formula  Cggr.  f  0,  which  is 

the  one  I  have  adopted,  though  this  probably  is  not  the  true  atomic 
weight  of  the  compound. 


n    ^26o 
^27Br  ^ 

C29BfO 

c 

.     .     59-03 

C 

.     .     59^70 

C     .     .     60-33 

H 

.     .       9^47 

H 

.     .       9-58 

H    .     .       9-70 

Br 

.     .     28^56 

Br 

.     .     27-85 

Br  .     .     27-18 

From  these  experiments,  it  will  be  seen  that  I  have  obtained 
results  differing  from  those  of  previous  experimenters  on  this  subject : 
this  difference  is  caused  by  the  atomic  weight  of  carbon  having  been 
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altered,  it  being  lower  now  than  at  the  time  of  the  previous  investi- 
gations, and  the  formulse  of  stearic  and  margaric  acids  have  also 
been  altered.  Bussy  considered  the  formula  of  margaiic  acid  to 
be  035113^0^,  but  this  has  since  been  altered  to  its  present  formula, 
C34H34O4.  Redtenbacher,  from  his  analyses,  gives  the  formula 
CggHggO^,  for  stearic  acid ;  but  his  numbers,  when  recalculated  from 
the  present  equivalent  of  carbon,  agree  with  the  formula  034113^04, 
and  the  numbers  he  gives  for  margaric  acid  do  not  agree  with  the 
present  formula. 

Bussy,  after  several  experiments,  considered  the  compound  he 
obtained  by  distilling  margaric  acid  with  lime,  to  be  derived  from  the 
anhydrous  acid  by  losing  1  equiv.  of  carbonic  acid ;  hence  the 
formula  given  by  him,  €35113303  —  002  =  03411330.  Redtenbacher 
and  Varrentrap  also  consider  this  to  be  the  i-eaction,  though  the 
formula  given  by  them  differs  from  Bussy^s,  owing  to  the  difference 
in  the  formula  of  the  acid ;  but  a  comparison  of  the  properties  of  the 
substance,  and  the  numbers  obtained  by  analysis,  shows  that  the 
compounds  examined  by  them  were  the  same,  and  also  that  they  agree 
with  that  examined  by  myself,  as  will  be  seen  by  the  following 
table  of  the  corrected  numbers  of  Bussy^s,  Redtenbacher^s,  and 
Varrentrap's,  along  with  those  obtained  by  myself,  and  the  theore- 
tical numbers : 

Bussy.   Redtenbacher.    Varrentrap.     T.H.R.  Theory  C^H.^O. 
C      .     .     83-20         82-39  82-00         82-12         82-35 

H     .     .     13-51         13-86  13-78         13-74         1372 

O     .     .       4-29  3-75  4-22  4-14  393 

The  fusing-point  of  the  substance  was  found  to  be — 

Bussy.  Redtenbacher.     Varrentrap.  T.H.R. 

77°  C.  77°  C.  76°  C.  76°  C. 

The  numbers  of  the  compound  obtained  by  Redtenbacher,  by 
distilling  stearic  acid  with  lime,  and  to  which  he  gave  the  formula 
C4-II4-O,  when  corrected,  agree  with  the  formula  C33II33O :  they 
also  agree  with  other  formulse,  the  percentage  difference  in  the 
carbon  and  the  hydrogen  being  very  small  in  the  different  formulae, 
as  previously  stated.  As  he  only  made  one  analysis  of  the  com- 
pound, and  the  fusing-point  is  near  that  of  the  first  compound, 
it  is  doubtful  whether  it  really  is  the  tnie  margarone.  The  compound 
obtained  from  stearic  acid  by  Bussy  must  also  be  considered 
doubtful,  as  the  numbers  he  obtained  do  not  agree  with  any  pro- 
b;i])lc  fonntila. 

The    experiments  of    Bussy,    Redtenbacher,   and    Varrentrap, 
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together  with  my  own,  show  that  stearic  and  mai'garic  acids,  when 
distilled  with  lime,  yield  the  same  products  of  decomposition.  The 
solid  compound  is  also  obtained  under  the  following  circumstances : 
By  distilling  the  acids  jjer  se ;  secondly,  by  distilling  the  lime, 
baryta,  or  potassa-salts  of  these  acids ;  and,  thirdly,  by  distilling  the 
acids  with  lime  or  baryta. 

It  will  be  seen  that  the  decomposition  proceeds  further  in  this  case, 
than  when  acids,  lower  in  this  series,  are  treated  in  a  similar  manner. 
This  is  probably  owing  to  the  high  temperature  required  to  distil  the 
compound  over. 

As  the  name  stearone  or  margarone  is  not  applicable  to  this  com- 
pound, I  have  given  it  the  provisional  name  of  Stearene,  until  some- 
thing more  definite  is  known  of  its  constitution. 

Since  this  examination  has  been  finished,  Messrs.  Delffs  and 
Overbeck*  have  described  three  compounds,  obtained  by  distilling 
the  lime  or  baryta- salts  of  myristic,  cocinic,  and  laurostearic  acids, 
and  which  they  have  named  myristone,  cocinone,  and  laurostearone ; 
but  I  do  not  think  the  formulae  given  by  them  are  quite  correct, 
as  the  numbers  given  by  them  will  agree  with  several  formulae, 
the  hydrogen  in  all  the  analyses  being  far  too  high  for  the  formulae 
of  those  compounds ;  and  it  is  very  probable  that  the  compound 
described  as  myristone,  C5QH5QO2,  is  identical  with  that  described 
in  this  paper  as  stearene,  C28H28O,  or  C-^H^qO^,  the  fusing-point 
of  both  being  nearly  the  same,  viz. :  75°  C.  myristone,  76°  C. 
stearene. 

This  investigation  was  made  in  the  laboratory  of  Dr.  T.  Anderson, 
to  whom  I  am  much  indebted  for  advice  during  its  prosecution. 


IX. — On  deposits  of  soluble  or  gelatinous  Silica  in  the  lower  beds 
of  the  Chalk  formation. 

By  J.  Thomas  Way,  F.C.S. 

CONSULTING    CHEMIST    TO    THE    ROYAL    AGRICULTURAL    SOCIETY    OF    ENGLAND. 

The  author  described  the  discovery  which,  in  conjunction  with 
Mr.  J.  M.  Paine,  of  Farnham,  he  had  made  of  large  deposits  of 
silica  in  the  condition  in  which  it  is  I'eadily  soluble  in  solutions  of 
caustic  potash  or  soda  when  boiled  with  these  solutions  at  ordinary 
temperatures  in  open  vessels. 

*  Chem.  Gaz.  Nov.  1,  1852. 
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The  beds  containing  this  sihca  are  geologically  situate  at  the  base 
of  the  chalk  formation  between  the  upper  green  sand  and  the  gault 
clay.  At  Farnham,  where  the  beds  have  been  most  examined,  they 
are  very  fully  developed,  coming  to  the  surface  over  a  considerable 
breadth  of  land,  and  extending  to  the  distance  of  several  miles. 
Judging  from  the  dip  of  the  strata,  and  from  such  sections  as  the 
quarries  in  the  neighbourhood  afford,  the  author  believes  that  the 
total  thickness  of  the  deposit  in  question  cannot  be  at  this  spot  less 
than  from  80  to  100  feet  in  thickness.  It  is  not,  however,  of 
uniform  character  throughout,  but  consists  of  beds  of  yellowish,  light, 
soft  rock,  intercalated  with  loose  and  apparently  sandy  marls. 

The  attention  of  the  author  was  first  drawn  to  this  subject  during 
the  examination  of  a  series  of  specimens  representing  the  strata  of 
the  chalk  formation,  which  were  collected  for  analysis  about  three 
years  ago.  On  examining  some  of  the  lower  deposits  of  this  series, 
he  was  struck  with  the  circumstance  that,  though  of  a  yellowish- 
white  colour,  of  small  density,  and  having  every  appearance  of 
being  chalk  marls  (under  which  name  they  are  indeed  generally  used 
in  agriculture),  they  did  not,  in  many  cases,  exhibit  the  smallest 
effervescence  when  treated  with  an  acid,  and  contained  merely  a  trace 
of  lime  in  any  form. 

The  following  results  were  obtained  from  the  analysis  of  a  specimen 
of  this  earth. 


I  Silica 


Peroxide  of  iron 

ci  1  1 1    \  Alumina 
soluble  '  T  • 

m  acids  j  , r 

t  Magnesia 

f  Chloride  of  sodium 

V  Potash 

Insoluble  f  Silica    . 


40-30 

2-26 

3-44 

•61 

•47 

•14 

•43 

41-23 


in  acids    wMumina,  with  a  little  oxide  of  iron  .     11-12 


Traces  of  lime  and  magnesia 


100-00 


The  silica  "soluble  in  acids"  is  here  the  total  quantity  of  silica 
which  is  soluble  in  potash  after  treatment  with  boiling  muriatic  acid 
in  the  usual  way.  The  quantity  of  soluble  silica  directly  dissolved 
out  by  potash  without  previous  treatment  with  an  acid,  is  in  this 
case  28-70  per  cent.  The  autlior  observed  that  the  existence  of 
these  beds  was  not  altogether  unknown  before.  Since  he  had  been 
engaged  upon  this  examination,  he  had  found  that  similar  deposits  of 
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soluble  silica  had  been  mentioned  by  Sauvage,  in  the  Annales  des 
Mines,  as  occurring  in  the  Departement  des  Ardennes,  in  France. 
Sauvage  had  found  as  much  as  56  per  cent  of  soluble  silica  in  these 
deposits ;  and  from  their  description  it  was  plain  that  they  were  the 
same  beds,  although  somewhat  differing  from  the  corresponding  strata 
in  England. 

Within  the  last  two  years,  as  many  as  80  or  100  samples  have 
been  carefully  collected  by  the  author  and  Mr.  Paine  from  the  land 
of  the  latter  at  Farnham,  and  examined  in  reference  to  the  pro- 
portion of  soluble  silica  they  contain.  In  all  cases  the  quantity  of 
soluble  silica  has  been  determined  by  boiling  the  dry  and  powdered 
earth  in  moderately  strong  solution  of  caustic  potash  or  soda,  which 
dissolves  the  free  silica  without,  as  is  well  known,  affecting  that 
portion  which  is  combined  with  alumina  as  clay  or  the  silica  that 
may  exist  as  sand. 

The  quantity  of  soluble  silica  so  ascertained  has  been  foimd  to 
constitute  from  5  to  72  per  cent  of  the  dry  earths.  As  a  rule,  the 
deposits  which  are  geologically  nearest  the  gault  clay  contain  the 
smallest  proportion,  which  increases  in  the  beds  as  they  rise  towards 
the  green  sand.  The  largest  proportion  that  has  been  observed 
hitherto  has  been  above  stated  as  72  per  cent.  This  particular  bed 
is  at  Farnham  of  about  10  or  12  feet  of  thickness,  and  close  to  the 
surface  of  the  land  on  the  hill-side.  It  is  very  remarkable  when  dry, 
on  account  of  its  extreme  lightness,  by  which  and  by  its  porosity  it  is 
easily  recognized.  Very  many  of  the  beds  have  been  found  to 
contain  as  much  as  60  per  cent  of  free  soluble  silica,  and  20  or 
30  tons  have  been  sent  to  London,  affording,  when  ground  up,  an 
average  amount  of  64  per  cent.  There  is  therefore  no  doubt  of  the 
beds  in  question  being  available  as  a  source  of  soluble  silica  if  it 
should  be  found  desirable  so  to  employ  them. 

The  author  mentions  that  although  many  of  the  beds  contain  no 
carbonate  of  lime,  there  are  others  in  which  both  soluble  silica  and 
carbonate  of  lime  are  associated.  These  beds  are  generally  of  a 
harder  and  more  compact  character,  and  are  used  locally  as  building- 
stones.  The  "  firestone,'^  which  is  quarried  to  a  considerable  extent 
at  Godstone  and  Reigate,  in  Surrey,  and  used  in  Loudon  to  form  the 
backs  of  fire-places,  is  from  the  same  deposit,  and  of  similar  compo- 
sition. Mr.  Way  has  found  the  building-stone  to  contain  about 
25  per  cent  of  soluble  silica  with  50  per  cent  of  carbonate  of  lime 
and  25  per  cent  of  clay. 

With  the  exception  of  the  building  and  firestone  rock,  which  are 
of  considerable  hardness,  the  other  beds  arc  easily  reduced  to  powder ; 
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indeed,  when  first  dug  up  in  the  moist  state  they  readily  crumble 
between  the  fingers.  When  examined  by  the  microscope  the  silica  is 
found  to  be  amorphous. 

With  the  exception  of  a  few  casts  of  foraminse  the  deposit  is  not 
infusorial. 

Mr.  Way  proposes  to  employ  these  beds  as  a  source  of  silicate  of 
lime  for  agricultural  purposes.  He  finds  that  the  silica  can  be  made 
to  combine  with  lime  with  great  ease  in  several  ways :  a  mixture  of 
slaked  lime  with  the  powdered  rock,  when  made  into  a  thin  mortar,  and 
left  for  several  weeks,  is  found  to  be  entirely  converted  into  silicate 
of  lime.  The  process  is  hastened  by  adding  2  or  3  per  cent  of  car- 
bonate of  soda,  which  becoming  caustic,  dissolves  the  silica,  forming 
a  soluble  silicate,  which  is  subsequently  decomposed  by  the  lime;  and 
in  this  way,  the  soda  acting  as  a  carrier  between  them,  causes  a  speedy 
union  between  the  silica  and  lime. 

Another  method  of  producing  the  silicate  of  lime,  is  to  mix  the 
slaked  lime  with  the  powdered  rock  and  sufficient  water  to  bring  the 
mixture  to  the  thickness  of  gruel,  and  to  heat  to  nearly  the  boiling- 
point;  the  combination  is  complete  in  about  an  hour.  In  all  cases 
the  silica  is  used  in  the  proportion  of  3  equivs.  to  1  equiv.  of  lime. 

A  mixture  of  the  rock  with  chalk,  when  heated  to  low  redness  in  a 
reverberatory  furnace,  gives  the  compound  in  a  very  fit  condition  for 
agricultural  use ;  but  it  is  necessary  that  the  heat  should  be  cai'cfully 
regulated,  otherwise  the  silicate  becomes  altogether  insoluble  in  water. 

The  author  has  found  silicate  of  lime  produced  in  either  of  the 
above  ways  soluble  to  the  extent  of  about  20  grains  in  the  gallon  of 
distilled  water ;  and  as  the  largest  portion  of  the  20  grains  so  dis- 
solved is  silica,  he  considers  this  solubility  sufiicient  in  relation  to  the 
quantity  of  water  passing  through  plants,  to  supply  all  the  silica 
required  by  wheat,  barley  and  other  plants  of  the  silicious  class. 

He  proposes  to  employ  the  silicate  of  lime  as  a  manure  for  light 
lands,  and  he  anticipates  that  it  will  serve  to  correct  the  over- 
luxuriance  and  tendency  to  be  "  laid,"  which  is  so  common  in  well- 
manured  light  soils,  and  that  it  will  render  the  use  of  guano  and 
other  nitrogenous  manures  more  certain  and  more  admissible  on  such 
lands. 

Mr.  Way,  in  conclusion,  suggests  a  possible  connection  between 
the  existence  of  these  beds  and  the  production  of  the  chalk  itself. 
He  thinks  it  certain  that  the  deposits  of  soluble  silica  can  only  have 
been  formed  from  solution  and  in  the  absence  of  heat.  Silicate  of 
lime,  derived  l)y  disintegration  from  the  older  rocks,  many  of  which 
contain   it   in   abundaiu'c  and  dissolved  in  vvatci',  may  be  sup[)oscd  to 
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be  acted  upon  by  carbonic  acid  derived  from  the  decomposition  of 
animal  and  vegetable  matter  or  from  volcanic  sources.  The  results 
of  such  an  action  would  be  the  production  both  of  carbonate  of  lime 
and  of  soluble  silica.  The  author  points  out  as  an  interesting  fact, 
that  we  not  only  find  the  chalk  closely  associated  with  the  silica  beds, 
but  that  in  the  case  of  the  building  and  firestone  before  described, 
they  are  in  some  cases  intimately  mixed,  which  could  hardly  have 
occurred  if  the  two  deposits  were  not  due  to  some  common  origin. 


X. — On  a  Compound  Sulphate  of  Potash  and  Soda, 
By   J.  H.  Gladstone,  Ph.D.,  F.R.S.,  F.C.S. 

The  saturating  power  of  the  common  organic  acids,  is  a  subject 
to  which  great  attention  has  been  and  still  is  paid.  Many  acids 
that  were  once  considered  monobasic  have  had  their  equivalents 
doubled  or  trebled,  with  evident  advantage  in  the  explanation  of 
their  salts.  To  take  one  example  :  Tartaric  acid,  formerly  viewed 
as  HO,  C4H0O.,  is  now  represented  as  2  HO,  CgH^OiQ,  and  its  bibasic 
character  explains  at  once  why,  if  half  the  quantity  of  potash  neces- 
sary for  its  saturation  be  added  to  a  solution  of  the  acid,  we  obtain 
not  a  mixture  of  neutral  salt  and  free  acid,  but  a  sparingly  soluble 
bitartrate;  and  why  we  have  such  an  endless  variety  of  double 
tartrates,  even  one,  Rochelle  salt,  in  which  the  two  alkalies,  potash 
and  soda,  are  united,  although  they  are  bases  of  the  same  natural 
family. 

Chemists  have  more  recently  been  led  to  inquire  whether  some 
of  the  inorganic  acids  usually  esteemed  monobasic,  should  not  be 
also  viewed  as  bibasic.  It  has  been  well  remarked,  that  whilst  some 
acids — as,  for  instance — nitric  acid,  always  form  neutral  simple  salts, 
others,  of  which  sulphuric  acid  may  be  taken  as  a  type,  exhibit 
a  great  tendency  to  form  acid  and  double  salts.  In  fact,  every 
reason  which  could  be  m-ged  in  favour  of  the  bibasic  character  of 
tartaric  acid  would  equally  apply  to  sulphuric  acid,  excepting  that 
we  have  no  compound  analogous  to  Rochelle  salt.  The  argument  is 
perhaps  sufficiently  strong  even  now ;  but  could  a  double  sulphate  of 
potash  and  soda  be  prepared,  the  analogy  would  be  complete ;  and 
none,  I  apprehend,  who  are  accustomed  to  double  the  formula  of 
tartaric  acid,  could  refuse  to  view  sulphuric  acid  also  as  2  HO,  S2O6. 
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It  was  in  the  attempt  to  obtain  such  a  salt  that  the  compound  now  to 
be  described  was  discovered. 

Having  occasion  to  prepare  some  salt  which  should  show  flashes 
of  light  on  crystallizing^  I  followed  the  method  recommended  in 
Gmelin's  "Handbook  of  Chemistry/'  Vol.  I,  p.  207.  2  parts  of 
sulphate  of  potash,  and  1  part  of  chloride  of  sodium,  were  fused 
together ;  the  mass,  removed  from  the  crucible,  was  dissolved  in 
boiling  water,  filtered,  and  suffered  to  cool.  The  result  was  very 
satisfactory.  Small  crystals  separated,  each  at  its  formation  emitting 
a  luminous  flash,  visible  even  in  shaded  daylight.  Their  appearance 
struck  me  as  being  very  uniform,  yet  certainly  not  that  of  sulphate 
of  potash ;  and  it  occurred  to  me  that  they  might  be  a  double 
sulphate  of  the  two  alkalies.  The  crystals  were  examined  by 
Mr.  Crosby,  of  St.  Thomas's  Hospital,  and  were  foimd  to  contain 
no  water,  but  to  give  a  precipitate  with  antimoniate  of  potash. 
They  consisted  of  about  48  per  cent  of  sulphuric  acid,  and  47  per 
cent  of  potash ;  the  remaining  5  per  cent,  or  thereabouts,  being  soda. 
This  was  quite  inconsistent  with  the  formula  KO,  NaO,  S20g ;  but 
it  might  well  contain  such  a  compound,  mixed  with  ordinary  sulphate 
of  potash. 

A  series  of  experiments  was  set  on  foot  in  order  to  obtain,  if 
possible,  pure  crystals  of  this  supposed  salt.  The  salts  obtained 
were  freed  from  hygroscopic  moisture  by  heating  them ;  sulphuric 
acid  was  determined  in  the  usual  way  as  baryta-salt,  and  the  potash 
as  platinum-salt.     Eveiy  analysis  that  was  made  by  me  is  recorded. 

Exp.  1.  A  crop  of  large  crystals  was  obtained  by  the  process 
already  described.  They  were  very  regular  in  form — six-sided  prisms, 
terminating  in  six-sided  pyramids,  truncated. 

Salt  employed.  Sulph.  baryta  obtained. 

38-18  grs. 
27-61    „ 

Salt  employed. 
13-83  grs. 

The  acid  and  base  thus  determined  are  in  the  proportion  : 

Sulphuric  acid     47-77    and    4806  per  cent 
Potash  .     .     .     46-58 

Now,  in  order  to  obtain  such  numbers  as  these,  wc  must  sui)posc 
that  6  cquivs.  of  sulphuric  acid  are  combined  with  5  of  potash  and 
1  of  soda. 


53-10 

grs. 

38-65 

3J 

Chlor. 

plat,  and 

pot. 

obtained, 

33-32 

grs. 
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Equivs.  Calculated.  Average  of  experiments. 

Sulphuric  acid       6  47-26  47-91 

Potash  ...       5  46-57  46-58 

Soda     ...       1  6-16  5-34 


100-00  10000 

Exp.  2.  One  part  of  sulphate  of  potash  was  mixed  with  two  parts 
of  crystallized  sulphate  of  soda^  that  is,  about  equivalent  proportions  ; 
water  was  expelled  from  the  mixture  by  heat,  and  the  salts  were  fused 
together.  The  cooled  mass  was  dissolved  in  hot  water,  which 
presently  aiForded  crystals  similar  in  appearance  to  the  preceding. 
They  were  dried  and  analyzed. 

Salt  employed.  Salt  obtained. 

32-64  grs.  4560  grs.  sulph.  of  baryta. 

14-65    „  35-81     „    chlor.  plat.  pot. 

These  numbers  indicate  : 

Sulphuric  acid     47-96  per  cent 
Potash  .     .     .     47-26       „ 

This  salt  is  evidently  identical  with  the  preceding. 

Exp.  3.  One  part  of  sulphate  of  potash  and  two  parts  of  crystal- 
lized sulphate  of  soda  were  dissolved  together  in  water  by  the  aid  of 
heat. "  There  separated  on  cooling,  small  crystals,  of  a  perfectly  defi- 
nite appearance,  six-sided  prisms  with  six-sided  pyramids  at  the  ends, 
truncated.     They  were  analyzed  as  before. 

Salt  employed.  Salt  obtained. 

10-20  grs.  14-41  grs.  sulph.  barj'ta. 

8-31    „  19-31    „    chlor.  plat.  pot. 

These  numbers  indicate  : 

Sulphuric  acid     48'49  per  cent 
Potash  .     .     .     44-92       „ 

These  results  differ  but  little  from  those  previously  obtained. 

Exp.  4.  A  mixture  of  equal  parts  of  sulphate  of  potash  and  chlo- 
ride of  sodium  fused  together  and  dissolved  in  hot  water,  afforded 
crystals  which  were  evidently  the  same. 

Exp.  5.  Three  parts  of  bisulphate  of  potash  and  one  part  of  chlo- 
ride of  sodium  were  fused  together.  Hydrochloric  acid  was  given 
off  in  large  quantity,  as  might  be  expected  ;  and  on  dissolving  the 
fused  mass  in  hot  water,   and  suffering  it  to  cool,  there  separated 
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hexagonal  crystals,   apjiarently  identical  with  those  previously    exa- 
mined, mixed  with  another  salt  in  feathery  flakes. 

Exp.  6.  The  same  salts,  mixed  in  the  same  proportions,  were 
boiled  together  for  a  considerable  time  in  water.  The  solution 
yielded  the  feathery  flakes  above  mentioned,  along  with  ci-ystals  that 
appeared  to  be  thin  segments  of  hexagonal  prisms,  but  which 
Dr.  Leeson,  by  a  minute  examination  of  their  angles,  found  to  be 
derived  from  the  octagon  of  the  regular  system  by  the  development 
of  two  of  the  opposite  planes.  They  were  found  to  contain  soda,  and 
no  water.     On  analysis,  they  yielded  the  following  results  : 

Salt  employed.  Salt  obtained. 

25-09  grs.  35-12  grs.  sulph.  baryta. 

14-17    „  33-20    „    chlor.  plat.  pot. 

which  indicate : 

Sulphuric  acid     48*05  per  cent 
Potash  .     .     .     45-29      ,, 

As  the  microscope  showed  some  small  needle-shaped  crystals  stick- 
ing to  these  octagonal  ones,  a  portion  of  the  salt  was  washed  several 
times  with  a  very  little  cold  water,  and  analyzed. 

Salt  employed.  Salt  obtained. 

7-51  grs.  10-37  grs.  sulph.  baryta 

600    „  14-22    „    chlor.  plat.  pot. 

which  indicate  : 

Sulphm-ic  acid     47-40 
Potash.     .     .     45-83 

Another  portion  of  salt  was  prepared  from  the  same  source, 
reciystallized,  and  then  washed  with  a  little  cold  water.  The  crys- 
tals were  small,  but  of  the  same  form  as  the  first.  They  were 
analyzed. 

Salt  employed.  Salt  obtained. 

21-46  grs.  29-61  grs.  sulph.  baryta 

7-23    „  17-49    „    chlor.  plat.  pot. 

which  indicate : 

Sulphuric  acid     47  "37  per  cent 
Potash  .     .     .     46-75       „ 

All  these  results  seem  to  point  out  a  salt  similar  in  composition  to  all 
those  })reviously  examined. 

Exp.  7.  A  saturated  solution  of  carbonate  of  soda  was  added  to  a 
saturated  solution  of  bisulphate  of  potash  until  effervescence  ceased. 
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A  crystal  or  two  separated.  The  solution  yielded  on  evaporation 
a  crop  of  crystals^  bearing  a  general  resemblance  to  the  salt  formerly 
obtained.     They  were  dried  and  analyzed. 

Salt  employed.  Salt  obtained. 

24-42  grs.  33-95  grs.  sulph.  baryta 

12-06    „  27-40    „    chlor.  plat.  pot. 

which  indicate  : 

Sulphuric  acid     47-73  per  cent 
Potash  .     .     .     43-92       „ 

differing  little  from  previous  estimations. 

Exp.  8.  One  part  of  nitrate  of  potash  and  two  parts  of  crystallized 
sulphate  of  soda,  dissolved  together,  and  evaporated,  gave  crystals  of 
the  compound  salt,  mixed  with  nitre. 

Exp.  9.  In  order  to  see  whether  the  same  salt  would  form  in  the 
presence  of  a  large  excess  of  acid,  3  ounces  of  sulphate  of  potash, 
6  ounces  of  crystallized  sulphate  of  soda,  and  nearly  2  fluid  ounces 
of  sulphuric  acid,  were  boiled  together  in  water,  and  evaporated. 
The  crystals,  which  were  small,  and  of  the  ordinary  shape,  were 
slightly  washed  with  cold  water,  dried,  and  analyzed. 

Salt  employed.  Salt  obtained. 

27-78  grs.  39-17  grs.  sulph.  baryta, 

which  indicates : 

Sulphuric  acid      .     .     48-40  per  cent. 

This  scarcely  exceeds  the  previous  determinations  of  sulphuric  acid. 
The  salt  was  evidently  the  same. 

Exp.  10.  Conversely,  the  effect  of  an  alkaline  solution  was  tried. 
Two  parts  of  sulphate  of  potash  and  one  part  of  hydrate  of  soda  were 
dissolved  together  in  water.  The  evaporated  solution  gave  a  crop  of 
very  minute  crystals.  They  were  washed  with  a  little  cold  water  two 
or  three  times,  dried  over  sulphuric  acid,  and  analyzed. 

Salt  employed.  Salt  obtained. 

18-39  grs.  25-61  grs.  sulph.  baryta, 

which  indicates  : 

Sulphuric  acid  .     .     47-81  per  cent. 

Hence  the  salt  was  identical  with  those  analyzed  before. 

Exp.  11.  Thinking  that  a  large  excess  of  soda  might  cause  the 
formation  of  a  salt  richer  in  soda,  6  parts  of  that  sulphate,  crystal- 
lized, were  dissolved  in  water  with  1  part  of  sulphate  of  potash,  and 
evaporated.     Crystals  of  common  sulphate  of  soda  alone  separated. 
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On  another  occasion,  when  1  lb.  of  sulphate  of  soda  had  been 
dissolved  along  with  |  lb.  of  sulphate  of  potash,  the  solution  yielded, 
first,  six-sided  prisms,  with  dihedral  summits,  containing  soda;  then 
large  crystals  of  sulphate  of  soda ;  and  the  mother-liquor  from  them 
yielded  again  a  crop  of  the  compound  salt. 

It  appears,  then,  that  all  these  attempts  have  failed  to  produce 
a  sulphate  of  potash  and  soda  analogous  to  the  double  tartrate ; 
but  they  invariably  yielded  a  compound  salt  containing  a  small 
amount  of  soda.  This  has  all  the  appearance  of  being  definite  and 
uniform,  and  seems  to  consist  of  sulphuric  acid,  combined  with 
6  equivs.  of  base,  1  being  soda  and  5  potash.  Its  formula  decides 
nothing  in  favour  of  the  bibasic  character  of  sulphuric  acid,  but  it  does 
not  militate  against  such  a  view:  it  may  be  written  5  KO,  NaO,  3  S20g, 
though  perhaps  chemists  will  generally  prefer  the  expression  5  (KO,  SO3) 
+  NaO,  SO3. 

It  may  be  asked,  why  was  not  the  salt  subjected  to  repeated 
crystallizations  before  it  was  analyzed  ?  The  reason  was,  that  I 
feared  some  alteration  in  the  salt  during  such  a  process;  indeed, 
a  specimen  which  had  thus  been  treated,  was  found  to  have  lost  1  per 
cent  of  sulphuric  acid,  showing  a  considerable  decrease  in  the  amount 
of  soda. 

Salt  employed.  Salt  obtained. 

26-11  grs.  35-38  grs.  sulph.  baiyta. 

25-05    „  34-08 

which  indicate  : 

Sulphuric  acid,  46-53  and  46*70  per  cent. 

Had  the  salt  been  entirely  reduced  to  ordinary  sulphate  of  potash, 
analysis  should  have  given  only  45-94  per  cent. 

The  solubility  of  this  compound  salt  was  found  to  be  very  similar 
to  that  of  sulphate  of  potash  itself:  1000  parts  of  water  at  212°  F. 
were  found  capable  of  dissolving  250  parts;  at  55°  F.,  101  parts; 
and  at  40°  F.,  92  parts  of  the  salt.  25  grs.  of  salt,  recrystallized 
during  this  experiment,  was  found  to  yield  34-11  grs.  of  sulphate  of 
baryta,  indicating  46-90  per  cent  of  sulphuric  acid. 

The  ['crystalline  form,  also,  is  the  same  as  that  of  sulphate  of 
potash ;  but  the  crystals  aj)peared  to  me  more  uniform  than  that  salt 
ordinarily  is,  and  having  not  so  great  a  tendency  to  become  long  and 
branching.  ^The  compound  and  the  simple  salt  are  both  alike 
anhydrous. 

Since  performing  these  exj)eriments,  I  have  consulted  the  original 
paper  of  Rose,  in  Pogg.  Lll,  "  Ueber  die  Lichterscheinmigcn   hei 
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der  Krystallbildiing ."  I  find  he  has  accurately  described  the 
crystals  which  emit  light,  but  his  quantitative  determinations  led  him 
to  doubt  their  definite  character ;  I,  however,  have  always  found 
them  uniform  in  composition,  in  whatever  manner  they  may  have 
been  produced.  Their  production,  indeed,  under  such  various  cir- 
cumstances, could  not  have  been  anticipated ;  and  they  form  a 
remarkable  instance  of  a  certain  proportion  of  the  base  of  a  salt 
being  replaced  by  an  analogous  oxide,  without  materially  affecting 
its  physical  properties. 


XI. — Note  on  Thierschite. 
By   J.  LiEBiG. 

(from  a  letter  to  dr.  hofmann.) 

Some  time  ago,  I  received  from  Dr.  F.  von  Thiersch,  General 
Conservator  of  the  scientific  collections  of  Bavaria,  a  fragment  of 
a  white  marble  column  from  the  Parthenon,  for  the  purpose  of 
analyzing  the  incrustation  wdth  which  the  external  surface  of  the 
column  was  covered,  the  chief  object  of  the  examination  being  to 
decide  whether  the  column  had  been  painted  with  a  colour  of  a  still 
determinable  nature. 

The  incrustation  was  about  ^  of  an  inch  thick,  and  possessed 
the  hardness  of  fluor-spar.  Under  the  microscope,  when  illuminated 
by  sun-light,  it  appeared  as  a  lustrous,  opaline  aggregate  of  warty 
nuclei,  exhibiting  a  concentric  structure.  When  seen  by  the  naked 
eye,  it  appeared  an  uneven  layer  of  a  dingy-grey  colour,  covering 
the  whole  outer  surface  of  the  stone. 

A  portion  of  the  detached  crust  dissolved  in  acetic  acid  with 
effervescence ;  the  solution  contained  nothing  but  lime.  The  greater 
portion  was  insoluble  in  acetic  acid,  but  was  readily  dissolved  by 
nitric  acid,  only  a  trifling  residue  remaining  behind. 

The  nitric  solution  gave,  upon  addition  of  ammonia,  a  snow-white 
precipitate,  insoluble  in  ammonia.  After  addition  of  acetate  of  soda, 
it  furnished,  with  salts  of  silver  and  lead,  a  white  precipitate.  This 
deportment  pointed  towards  oxalic  acid,  and  indeed  a  more  minute 
examination  soon  convinced  me  that  the  chief  mass  of  the  incrusta- 
tion, which  had  been  taken  for  a  pigment  used  in  painting  the 
column,  consisted  of  crystallized  oxalate  of  lime. 

I  treated    the   precipitate    produced   by  ammonia   in    the   nitric 
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solution  with  chloride  of  copper,  which  converted  it  into  a  bluish 
powder,  whilst  the  lime  was  dissolved.  The  copper  precipitate 
dissolved  readily  in  ammonia;  and  this  solution  yielded,  after  the 
copper  had  been  thrown  down,  a  beautiful  crystallization  of  oxalate 
of  ammonia  which  was  decomposed,  without  deposition  of  carbon,  into 
carbonic  acid  and  carbonic  oxide  when  heated  with  concentrated 
sulphuric  acid,  and  from  which  oxalic  acid,  with  all  its  properties, 
was  prepared  in  sufficient  quantity  for  an  analysis,  if  such  had  been 
considered  necessary. 

Dr.  Sendtner,  Adjunct  to  the  Botanical  Gardens  in  Munich,  who 
has  a  great  deal  of  experience  in  researches  of  this  kind,  was  unable 
to  discover  any  organic  structure,  either  in  the  incrustation  itself 
or  in  the  residue  insoluble  in  nitric  acid.  I  believe,  therefore,  I 
am  justitied  in  considering  this  incrustation,  which  will  probably  be 
found  upon  many  lime-stones,  as  a  mineral  species  ;  and  since  Sandall 
has  observed  crystallized  oxalate  of  lime  between  metastatic  calc-spar 
crystals  in  Hungary,  without  proposing  a  mineralogical  name  for  it, 
I  have  great  pleasure  in  coupling  with  this  mineral  the  name  of  the 
learned  man  whose  labours  have  so  successfully  contributed  to  the 
elucidation  of  antiquities,  and  who  has  given  rise  to  the  present 
observations. 

The  origin  of  this  oxalate  of  lime  can  scarcely  be  doubtful ;  it  is 
evidently  derived  from  lichens  vegetating  upon  the  lime-stone ;  it 
is  the  residue  of  a  series  of  generations,  following  each  other  during 
centuries,  until  the  whole  surface  of  the  stone — in  consequence  of 
the  gradual  destruction  of  former  vegetations,  whose  organic  matter 
decayed,  while  the  oxalate  of  lime  produced  during  their  vitality 
remained  unaltered — was  so  comj)letely  covered,  that  new  germs  of 
lichens  no  longer  found  the  soil  of  carbonate  of  lime  necessary  for 
their  development.  The  residue  of  the  incrustation,  insoluble  in 
nitric  acid,  when  heated  in  a  glass  tube,  was  slightly  charred ; 
it  contained  traces  of  a  humus-like  substance,  evidently  the  last 
residue  of  the  lichens,  protected  by  the  oxalate  of  lime  from  entire 
destruction. 


XII. —  On  Kyanurenic  Acid. 
By   J.  LiEBiG. 

(from  a  letter  to  dr.  iiofmann). 

During  some  experiments  made  by  Professor  Bischoff,  regarding 
the  amount  of  uric  acid  in  dog's  urine,  the  latter  was  very  frequently 

VOL.    VI. NO.    XXII.  I 


114  15ARON    LTEBIG    ON    KYANURENIC    ACID. 

examined  for  uric  acid.  In  no  case  could  a  trace  of  this  acid  be 
detected. 

During  these  researches^  the  urine  deposited  sometimes,  but  not 
very  frequently,  a  precipitate  which,  on  account  of  its  minute  divi- 
sions, was  difficult  to  filter.  An  examination  of  this  deposit  has 
proved  that  it  consists  chiefly  of  a  new  acid  which  I  propose  to  call 
kyanurenic  acid,  in  order  to  remind  us  of  its  origin. 

On  dissolving  the  coloured  deposit  of  dog's  urine  in  lime-water, 
diluting  with  water,  and  adding  hydrochloric  acid  to  the  gently 
warmed  liquid,  kyanurenic  acid  separates  in  delicate  colourless 
needles  which,  on  drjang,  become  very  light,  and  assume  a  satiny 
lustre ;  they  redden  blue  litmus-paper.  From  concentrated  solutions 
the  acid  is  deposited  in  the  form  of  a  powder.  When  heated  in  a  glass 
tube,  the  acid  fuses  to  a  brown  liquid  which  on  further  application 
of  heat  sublimes,  a  trace  of  charcoal  remaining  behind.  The  subli- 
mate is  white  satiny  lustrous  crystalline;  it  dissolves  in  alcohol, 
and  differs  by  this  deportment  from  the  original  acid.  Kyanurenic 
acid  may  be  readily  distinguished  from  uric  acid  by  its  solubility 
in  hydrochloric  acid ;  the  precipitate  which  is  produced  in  alkaline 
solutions  of  the  acid,  upon  addition  of  hydrochloric  acid,  disappears 
again,  if  an  excess  be  added.  It  dissolves  readily  in  boiling  hydro- 
chloric acid,  and  in  dilute  sulphuric  and  nitric  acid ;  in  the  latter, 
apparently  without  decomposition.  Its  hot  saturated  solutions  solidify, 
upon  cooling,  to  a  magma  of  short,  extremely  lustrous  needles.  In 
cold  concentrated  sulphuric  acid,  kyanurenic  acid  dissolves  without 
change;  on  gently  warming,  the  solution  assumes  a  light-brown 
colour,  and  now  deposits,  upon  addition  of  water,  a  beautiful  lemon- 
yellow,  amorphous  precipitate  which  is  sometimes  mixed  with  crystals 
of  unchanged  acids.  Kyanurenic  acid  readily  dissolves  in  the  caustic, 
and,  upon  application  of  heat,  also  in  the  carbonated  alkalies,  also 
in  lime-  and  baryta-M'ater ;  when  employed  in  sufficient  quantity, 
it  perfectly  destroys  their  alkaline  reaction.  Evaporation  of  these 
solutions  yield  well  crystallized  salts.  The  lime-salt  forms  stellar 
groups  of  short  hard  needles  ;  the  baryta-salt,  feather-like,  united 
leaflets,  exhibiting  the  lustre  of  mother-of-pearl :  both  salts  are 
difficultly  soluble  in  water.  A  solution  of  the  acid  in  ammonia 
furnishes,  upon  addition  of  nitrate  of  silver,  a  dense,  white  preci- 
pitate, insoluble  in  hot  water. 

I  have  abstained  from  sacrificing  to  an  elementary  analysis  the 
small  portion  of  this  substance  which  I  had  at  my  disposal,  inasmuch 
as  the  composition  of  this  body  which  seems  to  occur  but  rarely, 
and  in  small  quantities,    appeared   to  me  less  important  than  the 
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proof  of  its  existence,  and  the  study  of  those  properties  by  means  of 
which  it  may  be  readily  recognized  again.  According  to  the  experi- 
ments which  I  have  made,  kyanurenic  acid  contains  no  nitrogen,  or 
only  so  small  a  quantity  that  the  minute  portions  which  I  was  able  to 
devote  to  the  experiments  were  insufficient  to  show  its  j^resence. 


XIII. — Analysis  of  the  Waters  from  the  Deep  Wells  of  Westbourne 
Park  and  Russell  Square,  and  the  Artesian  Well  of  the  Hamvell 
Lunatic  Asylum. 

By  Charles  Harwood  Clarke,  Esq.,  B.A.,  F.S.A.,  and 
Henry  Medlock,  Esq.,  F.C.S. 

The  deep  well  of  Westbourne  Park  is  situated  a  short  distance  to 
the  north  of  Westbourne  Grove.  It  was  sunk  several  years  since  by 
J.  W.  Trecby,  Esq.,  for  the  purpose  of  supplying  the  houses  on  his 
private  estate.  The  surface  of  the  ground  in  the  neighbourhood  is 
73"5  feet  above  the  Ordnance  datum  line.  The  depth  of  the  well 
is  230  feet,  and  the  water  rises  to  within  120  feet  of  the  surface.  It 
is  sunk  through  various  strata  of  sand  and  clay,  and  a  bore-pipe 
carried  to  a  depth  of  15  feet  into  the  chalk.  The  supply  of  water  is 
derived  from  two  strata,  the  chalk,  and  the  sand  immediately  above  it. 
The  samples  for  analysis  were  collected  in  December,  1852,  the  one 
(A)  being  taken  from  the  well,  and  the  other  {B)  from  the  bore-pipe 
which  leads  into  the  chalk.  Both  specimens  were  bright  and  colour- 
less, and  possessed  an  agreeably  refreshing  but  slightly  saline  taste. 

At  the  time  the  water  was  collected,  the  bore-pipe  had  been  closed, 
and  the  sample  [A)  was  considered  as  being  derived  exclusively  from 
the  sand  strata  immediately  above  the  chalk. 

The  quantitative  analysis  yielded  the  following  results : 

A.  Determination  of  the  total  quantity  of  fixed  constituents. 

Water  employed.  Residue  obtained  (dried  at  Percentage. 

120"  C.  =  248"  F.) 

44520  grs.  36-3744  grs.  0081 703 


B.  Determination  of  organic  matter. 
iVater  employed.  Organic  raatti 

a  didl  r 
41520  grs.  0-4573  gr.  0  001027 


Water  employed.  Organic  matter  expelled  at  Percentage, 

a  didl  red  heat. 


1  2 
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C.  Determination  of  silicic  acid. 

Water  employed.  Silicic  acid  obtained. 

44520  grs.  0-4152  gr. 

D.  Determination  of  iron,  alumina  and  phosphates. 


Percentage. 

0-000932 


Precipitate  obtained. 


0-2185  gr, 


E. 


Water  employed. 
44520  grs. 

Determination  of  lime. 

Water  employed.  Carbonate  of  lime  obtained. 

44520  grs.  2'2246  grs. 

Determination  of  magnesia. 

Water  employed.  Pyrophosphate  of  magnesia 


44520  grs. 
G.  Determination  of  chlorine. 


obtained. 

1-7817  grs. 


Water  employed. 


Chloride  of  silver 
obtained. 


70000  grs. 


43-4695  grs. 
H.  Determination  of  sulphuric  acid. 


Water  employed. 


Sulphate  of  baryta 
obtained. 


70000  grs. 


39-0852  grs. 

/.  Determination  of  alkalies. 

Water  employed.  Mixed  chlorides  obtained. 

70000  grs.  46-4693  grs. 

«.  Determination  of  potassium. 

Water  employed.  Bichloride  of  platinum  and 

chloride  of  potassium 
obtained. 


Percentage. 

0000490 

Percentage  of  lime. 

0002798 


Percentage  of 
magnesia. 

0001451 


Percentage  of 
chlorine. 

0-015351 


Percentage  of  sulphuric 
acid  (SO3). 

0-019170 


55-0502  grs. 


Percentage  of 
potassium. 

0-012559 


Percentage  of  sodium. 

0-016667 


70000  grs. 

b.  Determination  of  sodium. 

Water  employed.        Chloride  of  sodium  obtained. 

70000  grs.  29-6747  grs. 

J,  Determination  of  carbonic  acid  : 

In  order  to  obtain  a  perfectly  fresh  sample  of  the  water  for  the 
determination  of  the  carbonic  acid,  the  well  was  pumped  nearly  to 
dryness  and  the  water  collected  as  it  issued  rapidly  from  the  strata 
of  sand.  A  bottle  containing  ammonia  and  solution  of  chloride  of 
calcium,  and  capable  of  holding  in  addition  70000  grs.  of  water,  was 
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filled,  and  the  precipitated  carbonate  of  lime  subsequently  determined. 


Water  employed. 


Precipitate  of  carbonate  of 
lime  obtained. 


70000  grs. 


Percentage  of 
carbonic  acid. 

0-024573 


390909  grs. 

containing 

17-2004  grs. 
of  carbonic  acid. 

The  second  sample  of  water  {B)   was  taken  from  the  bore-pipe 

which  passes  to  a  depth  of  15  feet  into  the  chalk,  and  was  supposed 

to  be  derived  exclusively  from  the  chalk  strata  below  the  sand.     The 

following  results  were  obtained  by  quantitative  analysis. 

A.  Determination  of  the  total  quantity  of  the  fixed  constituents. 

Water  employed.  Residue  obtained  (dried  at 

1200C.  =  248fF.) 

44520  grs. 
Determination  of  organic  matter. 


36-0498  grs. 


Percentage. 
0080973 


B 


Water  employed. 


Organic  matter  expelled 
at  a  dull  red  heat. 

0-6683  gr. 


44520  grs. 

C.  Determination  of  silicic  acid. 

Water  employed.  Silicic  acid  obtained. 

44520  grs.  0-3003  gr. 

D.  Determination  of  iron,  alumina  and  phosphates 

Precipitate  obtained. 


Percentage. 
0001500 


Percentage. 
0000673 


0-3973  gr. 


Water  employed. 
44520  grs. 

E.  Determination  of  lime. 

Water  employed.  Carbonate  of  lime  obtained. 

44520  grs.  2-1364  grs. 

F.  Determination  of  magnesia. 


Water  employed. 


Pyrophosphate  of  magnesia 
obtained. 


G. 


44520  grs.  1-4630  grs. 

Determination  of  chlorine. 

Water  employed.  Chloride  of  silver  obtained. 


Percentage, 

0-000892 


Percentage  of  lime. 

0-002710 

Percentage  of 
magnesia. 

0001191 


Percentage  of 
chlorine. 

0014755 


44520  grs.  26-5804  grs. 

//.  Determination  of  sulphuric  acid. 

Water  employed.  Sulphate  of  baryta  obtained.  Percentage  of  sulphuric 

acid  (SO3). 


44520  ffrs. 


23-9932  grs. 


0018502 
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/.  Determination  of  alkalies. 

Water  employed.  Mixed  chlorides  obtained. 

44520  grs.  28-9235  grs. 

a.  Determination  of  potassium. 

Water  employed.    Bichloride  of  platinum  and  chloride 
of  potassium  obtained. 

44520  grs.  37-3976  grs. 

b.  Determination  of  sodium. 

Water  employed.  Chloride  of  sodium 

obtained. 

44520  grs.  17-5143  grs. 

/.  Determination  of  carbonic  acid. 

The  water  was  taken  direct  from  the 
immediately  into  the  bottle  containing 
calcium. 


Percentage  of 
potassium. 

0-013415 


Percentage  of 
sodium. 

0-015467 


bore-pipe, 
ammonia 


Water  employed. 
70000  grs. 


Precipitate  of  carbo- 
nate of  lime  obtained. 

38,8218  grs. 

containing 

17-0816  grs. 


and  introduced 
and   chloride  of 


Percentage  of 
carbonic  acid. 

0-024402 


of  carbonic  acid. 

The  deep  well  in  Russell  Square  is  situated  on  the  north  side 
of  the  square.  The  surface  of  the  ground  is  82  feet  above  the 
Ordnance  datum  line.  The  well  is  sunk  through  the  sand,  and 
a  bore-pipe  earned  to  a  depth  of  100  feet  into  the  chalk.  The  total 
depth  of  the  well  is  230  feet,  and  the  water  rises  to  within  130  feet 
of  the  surface,  differing  in  height  only  by  a  few  inches  from  the  level 
of  the  water  in  the  well  at  Westbourne  Park. 

The  sample  for  analysis  was  collected  in  December,  1852,  and  gave 
the  following  results : 

A.  Determination  of  the  total  quantity  of  fixed  constituents. 

Water  employed.  Residue  obtained  (dried  Percentage, 

at  120<'C  =  2480F.) 

44520  grs.  30-3701  grs.  0068213 

B.  Determination  of  organic  matter. 

Water  employed.  Organic  matter  expelled  Percentage. 

at  a  dull  red  heat. 

44520  grs.  0-5005  gr.  0001098 

C  Determination  of  silicic  acid. 


Water  employed. 
44520  grs. 


Silicic  acid  obtained. 
0-5112  ffr. 


Percentage. 
0-001148 
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D.  Determination  of  iron,  aluminaj  and  phosphates. 


Water  employed. 
44520  2;rs. 


Precipitate  obtained. 


0-1694  gr. 


E.  Determination  of  lime. 

Water  employed, 
44520  grs. 

F.  Determination  of  magnesia. 

Water  employed. 


Carbonate  of  lime  obtained. 
14-3220  ffrs. 


Sulphate  of  baryta 
obtained. 

19-7274  grs. 


Pyrophosphate  of  magnesia 
obtained. 

44520  grs.  0-5852  gr. 

G.  Determination  of  chlorine. 

Water  employed.  Chloride  of  silver 

obtained. 

44520  grs.  20-0015  grs. 

H.  Determination  of  sulphuric  acid. 
Water  employed. 

41520  grs. 
/.  Determination  of  alkalies. 

Water  employed.  Mixed  chlorides  obtained. 

44520  grs.  26-2831  grs. 

a.  Determination  of  })otassium. 

Water  employed.  Bichloride  of  platinum  and 

chloride  of  potassium  obtained. 

44520  grs.  20-7468  grs. 

h.  Determination  of  sodium. 

Water  employed.  Chloride  of  sodium 

obtained. 

44520  grs. 
J.  Determination  of  carbonic  acid. 
Water  employed. 

50640  srs. 


Percentage. 
0-000380 


Percentage  of  lime. 

0001801 


Percentage  of 
magnesia. 

0-000473 


Percentage  of 
chlorine. 

0-011106 


Percentage  of  sulphuric 
acid  (SO3). 

0-015213 


19-9537  grs. 


Percentage  of 
potassium. 

0007458 


Percentage  of 
sodium. 

0-0176.20 


Percentage  of 
carbonic  acid. 

0-023420 


Carbonate  of  lime 
obtained. 

^  26-9546  grs. 

containing 
11-8600  grs. 
of  carbonic  acid 

The  artesian  well  at  Hanwcll  is  sunk  near  to,  and  supplies  the  Asylum. 
The  depth  of  the  well  is  235  feet,  and  the  water  rises  to  a  height  of 
36  feet  above  the  surface,  the  level  of  the  ground  being  74-5  feet 
above  the  Ordnance  datum  line. 

The  sample  submitted  to  analysis  was  collected  in  February  last, 
and  gave  the  following  results  : 
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A.  Determination  of  the  total  quantity  of  fixed  constituents. 


Water  employed. 


44520  grs. 


Residue  obtained 
(dried  at  120"C  =  248"  F.) 

30-4350  grs. 


B.  Determination  of  organic  matter. 

Water  employed.  Organic  matter  expelled  at 

a  dull  red  heat. 

44520  grs.  1'1473  grs. 

C.  Determination  of  silicic  acid  : 

Water  employed.  Silicic  acid  obtained. 

44520  grs.  0-1155  gr. 

D.  Determination  of  iron,  alumina  and  phosphates  : 


Percentage. 

0-068514 

Percentage. 

0002719 

Percentage. 

0000259 


Water  employed. 


44520  grs. 


Precipitate  obtained. 

0-2046  gr. 
E.  Determination  of  lime  : 

Water  employed.  Carbonate  of  lime  obtained. 


44520  £?rs. 


3-2725  grs. 


F.  Determination  of  ma^rnesia 


Water  employed. 


44520  grs. 


Pyrophosphate  of  magnesia 
obtained. 

3-9270  grs. 


G.  Determination  of  chlorine  : 

Water  employed.        Chloride  of  silver  obtained. 

44520  grs.  15*4693  grs. 

H.  Determination  of  sulphuric  acid  : 

Water  employed.  Sulphate  of  baryta 

obtained. 

44520  grs.  19-7967  grs. 

/.  Determination  of  alkalies  : 

Water  employed.         Mixed  chlorides  obtained. 
44520  grs.  22-2607  grs. 

a.  Determination  of  potassium  : 

Water  employed.  Bichloride  of  platinum  and 

chloride  of  potassium 
obtained. 

44520  grs.  35-8204  grs. 

b.  Determination  of  sodium  : 

Water  employed.        Chloride  of  sodium  obtained. 

44520  grs.  11-3328  grs. 

J.  Determination  of  carbonic  acid  : 


Percentage. 
0000159 


Percentage 
of  lime. 

0-00411 


Percentage  of 
magnesia. 

0-003196 


Percentage  of 
chlorine. 

0-008588 


Percentage  of  sulphuric 
acid  (SO3). 

0-015266 


Percentage  of 
potassium. 

0-012845 


Percentage  of 
sodium. 

0-008666 
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Water  employed. 
50640  grs. 


Carbonate  of  lime  obtained. 


Percentage  of 
carbonic  acid. 

0-029605 


33-6767  grs. 

containing 

14-8177  grs. 

of  carbonic  acid. 
From  the  above  analyses  we  have  deduced  the  following  results : 
In  Table  I,  the  constituents,  as  found  by  analysis,  are  given  separately, 
and  in  Table  II,    the    acids  and  bases  are  associated  in  the  usual 
manner : 

Table  I. 


Lime      .... 

Magnesia 

Potassium 

Sodium 

Iron,  alumina  and  phosphates 

Sulphuric  acid  (SO3) 

Chlorine 

Carbonic  acid 

Silicic  acid 

Organic  matter 


Westbourne  water. 

Russell 

A. 

B. 

Square 

Sand. 

Chalk. 

water. 

Ilanwell 
water. 


Grains  in  an  imperial  gallon. 


1-9588 

1-0159 

8-7918 

11-6C70 

0-.3430 

13-4195 

10-7461 

17-2004 

0-6529 

0-7191 


1-8972 

1-2611 

0-8341 

0-3307 

9-3909 

5-2096 

10-8271 

12-3342 

0-6247 

0-2663 

12-9514 

10-6491 

10-3287 

7-7746 

17-0816 

16-3941 

0-4712 

0-8037 

1-0502 

0-7690 

2-8813 
2-2376 
8-9919 
6-0605 
0-3217 

10-6861 
6-0121 

20-4824 
0-1817 
1-8033 


Table  II. 


Westbourne  water. 


A. 
Sand. 


B. 

Chalk. 


Russell 
Square 
water. 


Hanwell 
water. 


Grains  in  an  imperial  gallon. 


Carbonate  of  lime 

„  magnesia 

Chloride  of  sodium 
Sulphate  of  soda 
Carbonate  of  soda 
Sulphate  of  potassa 
Sihcic  acid  .... 
Iron,  alumina  and  phosphates 
Organic  matter 


Total     .... 
Solid  residue  obtained  on  evaporation 


3-4978 
2-12-23 

17-7083 
8-2148 
4-7100 

19-1220 
0-6529 
0-3430 
0-7191 


57-0895 
57-1927 


Free  carl)onic  acid  (grains  in  a  gallon)  . 
Free  carbonic  acid  (in  cul)ic  inches  at  44"  V.) 
Degree  of  hardness,  Clark's  )  before  boiling 
scale         .        .         .         .  (  after  boiling 


12-5830 
25-1660 

6"-5 

00.7 


3-3878 

2-2519 

1-7425 

0-6908 

17-0205 

12-8116 

5-7733 

9-4181 

5-2200 

9-7261 

21-0949 

11-6213 

0-4712 

0-8037 

0-6247 

0-2663 

1-0502 

0-7690 

56-3851 

48-3588 

56-6812 

47-7511 

12-5185 

11-0060 

25-0370 

22-0120 

5"-6 

4-3 

00-5 

00-9      ' 

51451 
4-6746 
9-9072 
2-5980 
3-0642 
20-0590 
0-1817 
0-3217 
1-8033 


47-7548 
47-9000 

12-7174 

25-4348 

12'-1 

l"-4 
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A  striking  feature  in  tlie  foregoing  analyses  is  the  almost  complete 
identity  of  the  water  from  the  sand  and  that  from  the  chalk  in  the 
well  at  Westbourue  Park.  This  circumstance  proves  that  the  so-called 
chalk-water  supply  to  the  deep  wells  of  London  is  not  entirely  con- 
lined  to  that  stratum. 

The  great  similarity  between  the  Westbourne  and  Russell  Square 
waters,  and  the  levels  at  which  they  stand  in  the  wells  being 
the  same,  show  that  both  wells  are  supplied  by  the  same  water- 
stratum.  These  waters  also  agree  very  closely  in  composition  with 
the  water  of  Trafalgar  Square.* 

On  comparing  the  analysis  of  the  Hanwell  water  wdth  those  of 
the  deep  well-waters  of  London,  the  difference  between  them  is 
comparatively  trifling,  showing  an  evident  connection  between  them, 
notwithstanding  the  great  difference  of  level  at  which  the  Hanwell 
water  stands  as  compared  with  the  wells  of  London.  This  would 
seem  to  indicate  the  existence  of  a  basin  to  the  west  of  Loudon,  the 
water  in  which  stands  at  a  much  higher  level  than  the  water  under 
London,  and  from  the  overflowing  of  which  the  deep  wells  of  the  me- 
tropolis derive  a  considerable  portion  of  their  supply.  We  are  indebted 
for  this  suggestion  to  Mr.  Henry  Marten,  who  examined  the  dis- 
trict for  the  West  London  Water  Works  Company. 

The  analyses  hitherto  made  of  the  deep  well-waters  of  London  and 
the  neighbourhood,  are  not  sufficiently  numerous  to  admit  of  any 
definite  conclusion  being  drawn  as  to  the  probable  sources  of  the  water 
supply.  We  have  been  induced,  however,  to  communicate  the  results 
of  our  analyses  to  the  Society  as  an  additional  contribution  to  a  know- 
ledge of  the  deep  well-W' aters  of  Loudon. 


XIV. —  On  the  increase  in  Weight  of  Molasses  casks   occasionally 
arising  from  Absorption, 

By  William  Ferguson,  Esq.,  F.C.S. 

In  September,  1851,  attention  was  attracted  to  an  unusual  increase 
of  weight  in  a  shipment  of  molasses,  which  occurred  in  the  London 
Docks ;  it  was  some  time  before  the  cause  could  be  discovered,  and 
the  steps  taken  to  ascertain  it  ended  in  the  perfect  assurance  that  it 

*  Quart.  Jouin.  Ch.  Soc.  I,  97. 
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was  due  to  absorption.  The  great  extent  to  which  the  action  had 
taken  place,  and  the  large  amount  of  property  in  our  dock  warehouses 
which  is  thus  proved  to  be  occasionally  affected  by  it,  lead  me  to  be- 
lieve that  a  detailed  account  of  this  extraordinary  instance  may  prove 
acceptable  to  the  Society.  For  the  following  particulars  I  am  in- 
debted to  Mr.  Muggeridge,  of  the  London  Docks,  in  whose  care  the 
molasses  were  stored,  and  by  whom  the  progress  of  the  action  was 
watched. 

In  August,  1849,  a  quantity  of  molasses  were  housed  for  the  first 
time  in  a  damp  cellar,  where  they  lay  until  September,  1851,  when 
the  increase  of  weight  was  observed.  In  order  to  ascertain  its  amount, 
the  whole  of  the  casks  of  the  importation  were  re-weigbed,  when  it 
was  found  that  every  cask  which  had  not  lost  a  portion  of  its  contents 
by  breakage,  had  gained  considerably  in  weight.  The  casks  were 
coopered  and  made  tight,  and  in  February,  1852,  were  again  weighed, 
when  (where  breakage  had  not  occurred)  a  further  increase  was  found 
to  have  taken  place.  The  total  weight  of  the  shipment  was  1270  cwt. 
It  was  stored  in  110  casks,  containing  from  11  to  12  cwt.  each. 
The  increase  on  different  casks  varied  considerably,  reaching  in  some 
cases  38  lbs.  or  about  3  per  cent  of  the  contents.  The  total  observed 
increase  was  23 j  cwt.,  or  about  1*83  per  cent.  This  does  not 
represent  the  total  real  increase,  for  it  would  appear  that  in  some 
casks  the  absorbed  water  had  just  been  sufficient  to  cover  the  loss 
from  breakage,  but  not  tell  as  increase ;  and  there  does  not  seem  to 
have  been  one  cask  which  had  not  suffered  more  or  less  loss.  The 
real  increase  of  weight  due  to  absorption  must  have  been  much 
greater  than  that  shown  by  the  weighings.  Important  as  this  result 
was  to  the  merchant,  it  was  greatly  exceeded  by  one  that  was  after- 
wards observed,  and  which  was  as  follows.  A  quantity  of  molasses 
imported  in  large  tanks  were,  in  July,  1849,  racked  into  347 
puncheons,  weighing  about  12  cwt.  each,  the  total  weight  being 
41  GO  cwt. ;  they  were  stowed  in  a  lofty  cellar,  where  they  remained 
till  September,  1852,  when  they  were  re-weighed  for  delivery.  At 
various  times  some  of  the  casks  were  found  with  heads  bulging  out 
from  internal  pressure,  although  none  of  them  were  full  when  housed, 
and  it  was  necessary  to  draw  off  a  portion  to  prevent  them  from 
bursting.  When  the  bung  was  started,  the  molasses  rushed  out 
with  great  force,  ascending  several  feet  to  the  roof  of  the  cellar.  On 
re-weighing,  the  increase  was,  as  before,  found  to  be  different  in 
different  casks.  On  52  there  was  a  loss  from  breakage,  248  had 
gained  from  1  lb.  to  30  lbs.  each,  G7  from  30  lbs.  to  40  lbs.,  and  20 
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from  40  lbs.  to  51  lbs.  each.  The  total  increase  of  weight  on  the 
shijjment  was  56  cwt.  If  we  take  the  casks  on  which  this  increase 
took  place^  laying  aside  the  52  on  which  there  was  loss,  the  excess  of 
absorbed  water  over  the  leakage  was  about  1*6  per  cent;  in  some  of 
the  casks  it  had  reached  as  high  a  percentage  as  4'25.  A  third 
case  was  also  observed  in  December,  1848.  500  puncheons  were 
filled  from  tanks  in  which  they  had  been  imported,  and  stored  in  the 
same  cellar  till  July,  1852,  when  some  of  them  were  re-weighed  with 
the  same  various  results  as  to  increase :  5  puncheons  gave  the  following 
results  : 


No. 

1, 

weight 

11 

3 

13  lbs. 

gained 

23  lbs, 

)> 

2, 

» 

11 

1 

7    „ 

}) 

31    „ 

}) 

3, 

» 

12 

0 

7    „ 

)) 

40    „ 

>} 

4, 

» 

11 

2 

0    „ 

)} 

45    „ 

}) 

5, 

)i 

12 

0 

0    „ 

a 

68    „ 

This  was  the  largest  increase  of  weight,  though  on  a  large  number 
of  casks  it  reached  nearly  to  the  same  percentage.  In  No.  5  the 
excess  of  water  absorbed  over  any  leakage  that  may  have  occurred 
is  5  per  cent.  The  bungs  were  at  this  time  started,  and  the  casks, 
whicb  had  been  stored  not  quite  full,  were  found  full  to  overflowing. 
One  cask  which  had  lost  14  lbs.,  and  another  9  lbs.,  were  also  full. 
We  know  that  these  casks  had  not  been  overdrawn.  Now,  to  effect 
a  loss  of  14  lbs.,  4  gallons  of  treacle  must  have  been  replaced  by 
water,  not  taking  into  account  the  quantity  which  was  required  to 
fill  the  cask  completely.  In  the  case  of  No.  5,  where  the  increase 
of  weight  was  68  lbs.,  the  quantity  of  water  absorbed  must 
have  been  very  great,  for  after  supplying  the  loss  due  to  leakage, 
(and  all  casks  leak  more  or  less),  6*8  gallons  of  water  entered  through 
the  pores  of  the  wood  during  a  period  of  3i  years.  These  puncheons, 
in  which  this  maximum  eff'ect  took  place,  had  been  American  meal- 
casks,  made  of  Quebec  timber,  which  is  much  more  porous  than  the 
wood  of  which  West  India  puncheons  are  usually  made.  The  specific 
gravity  of  the  freshly-imported  molasses  of  the  last  lot  was  1*394,  and 
when  taken  in  July,  1852,  was  1*375. 
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XV. — On  some  Neiv  Basic  Products  obtained  by  the  Decomposition 
of  Vegetable  Alkaloids. 

By  Henry  How,  Esq.,  F.C.S. 

ASSISTANT    TO    PROFESSOR    ANDERS  OX,    OF    GLASGOW. 

In  the  following  pages,  I  purpose  submitting  to  the  notice  of  the 
Society  the  results  of  some  experiments,  so  far  as  I  have  proceeded 
with  them,  on  the  action  of  the  halogen-compounds  of  the  alcohol 
radicals  on  bases  of  vegetable  origin.  The  beautiful  researches  of 
Hofmann  on  the  behaviour  of  artificial  liquid  bases  and  of  ammonia, 
under  these  ch'cumstances,  led  him  to  remark  that  a  similar  course  of 
investigation,  in  regard  to  basic  substances  generally,  would  no  doubt 
tend  to  throw  much  light  on  the  nature  of  these  bodies.  On  com- 
paring the  formulae  of  some  of  the  vegetable  alkaloids  with  which 
I  was  best  acquainted,  their  relations  to  each  other  were  such  that 
I  was  curious  to  bring  to  light  the  result  of  experimenting  upon  some 
of  these  substances  in  the  direction  mentioned. 

The  established  formula  for  morphia,  which  was  first  given  as 
the  correct  interpretation  of  the  analysis  of  the  pure  alkaloid  by 
Laurent,*  and  which  I  have  confirmed  by  experiments  of  my 
own,  is 

C3,H,,N0e. 
It  will  be  seen,  by  a  comparison  of  this  formula  with  that  of  codeine, 
as  established  beyond  a  doubt  by  Professor  Anderson, f 

that  these  alkaloids  differ  from  each  other  exactly  by  C2H2.  Now, 
reasoning  from  analogy,  if  these  bases  follow  the  same  laws  of 
decomposition  as  their  volatile  congeners,  I  should,  by  the  action  of 
iodide  {e.  g.)  of  methyl  upon  morphia,  obtain  either  codeine  or  a  base 
having  the  same  centesimal  composition,  according  to  the  reaction 
expressed  in  the  equation  : 

C3,H,gN06  +  C2H3I  =  C3eH2,NO,  =  C3,  {  ^^^^  }  NO^  +  HI. 

It  was  with  this  idea  that  I  commenced  the  following  series  of 
experiments ;  and  although  the  reaction  represented  above  was  not 
that  wliich  I  studied  first — for  iodide  of  ethyl  was  ready  to  my  hand — 
the  results  which  I  obtained  with  this  compound,  though  not  such 
as  to  render  me   sanguine  as  to  the  actual  conversion  of  the   one 

*  Anil.  Ch.  Pins.  [.'?],  XIX.  f  Trans.  Roy.  See.  Edinb.  XX,  I,  57. 
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alkaloid  into  the  other — a  problem  which  has  engaged  the  attention 
of  chemists  of  great  name* — were  sufficiently  marked  in  character 
to  urge  me  to  prosecute  the  inquiry,  with  what  success  will  be  seen 
in  the  sequel. 

If;  in  the  succeeding  pages,  the  numbers  given  in  one  or  two  instances 
fall  somewhat  below  the  standard  of  accurate  analytical  proof,  I  trust 
that,  to  those  acquainted  with  the  nature  of  the  materials  employed, 
the  mention  of  their  costly  character  will  be  sufficient  excuse  for 
a  want  of  repetition  of  experiments  where  a  great  deal  would  not 
have  been  gained  by  the  same;  believing  that  sufficient  e\ddcnce 
is  furnished  as  to  the  composition  at  least  of  the  substances  produced. 
I  beg  here  to  offer  my  most  sincere  thanks  to  Professor  Anderson, 
in  whose  laboratory,  attached  to  the  University  of  Glasgow,  my 
experiments  were  performed,  for  the  opportunity  of  conducting  this 
inquiry. 

In  detailing  the  investigation,  I  have  preferred  to  narrate  the 
individual  reactions,  &c.,  in  the  order  in  which  they  were  examined. 

ACTION    OF    IODIDE    OF    ETHYL    UPON    MORPHIA. 

Morphia,  in  a  state  of  fine  powder,  was  introduced  into  a  com- 
bustion-tube, strongly  sealed  at  one  end,  a  little  iodide  of  ethyl 
added,  and  then  absolute  alcohol,  in  quantity  judged  to  be  sufficient 
to  dissolve  the  alkaloid.  I  found  about  25  grains  might  be  con- 
veniently employed  in  a  tube  of  small  bulk  ;  and  alcohol  occupying 
about  three  times  the  space  of  the  alkaloid  was  found  sufficient, 
a  very  small  quantity  of  iodide  of  ethyl  being  required.  When  the 
substances  were  all  introduced,  the  tube  was  carefully  sealed  before 
the  blow-pipe,  and  upon  its  cooling,  the  whole  was  immersed  in 
boiling  water.  Complete  solution  took  place  when  a  small  quantity 
of  morphia  was  employed,  but  not  so  when  more  was  used ;  action 
commenced  very  speedily,  as  was  obvious  from  the  nature  of  the 
solid  product  in  the  tube,  which  had  not  the  appearance  of  morphia. 
The  boiling  was  continued  some  hours  when  complete  solution  had 
not  taken  place  at  first,  in  order  that  any  morphia  which  had  at  first 
remained  undissolved  might  in  its  turn  be  acted  upon,  as  the  alcohol 
became  free,  as  it  were,  by  deposition  of  the  new  product.  When 
the  action  had  continued  about  six  hours  or  so,  the  tube  was  allowed 
to  cool,  and  then  opened ;  the  alcohol  containing  the  excess  of  iodide 
of  ethyl,  nearly  colourless  and  quite  limpid,  was  poured  off  from  the 
white  crystalline  solid  product,  which  was  then  washed  with  a  little 
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alcohol,  and  dried.  It  was  found  to  dissolve  readily  in  hot  water ; 
accordingly,  the  whole  wh,s  treated  in  this  manner,  in  case  of  any 
morjihia  remaining  uuattacked,  from  which,  it  being  insoluble  or  very 
difficultly  soluble  in  this  menstruum,  the  product  would  by  this  means 
be  purified.  However,  complete  solution  took  place  ;  and  the  fluid 
deposited,  on  cooling,  a  substance  in  fine  white  needles ;  these  were 
collected,  dried  and  analyzed,  a  preliminary  experiment  having  shown 
that  they  contained  much  iodine. 

In  the  following  analysis,  the  iodine  was  determined  by  direct  pre- 
cipitation of  an  aqueous  solution  by  nitrate  of  silver;  the  combustion 
made  with  chromate  of  lead  : 


5-155  grs.,  dried  at  212",  gave 
9*725    „     carbonic  acid,  and 
2*665    „     water. 
4*470    „     o-ave 


V  2*365    „ 

iodide  of  silver 

Experiment. 

Calculated. 

Carbon  . 

.     51*45 

51*71 

^38 

22^ 

Hydrogen 

.       5*74 

5*44 

H., 

24 

Nitrogen 

3*17 

N 

14 

Oxygen 

10-87 

Oe 

48 

Iodine    . 

.     28*59 

28-81 

I 

127*1 

10000 


441*1 


A  comparison  of  the  experimental  numbers  with  the  calculation 
appended,  will  show  that  we  have  here  a  substance  which  may  be 
termed  the  hydriodate  of  ethylomorphia,  and  whose  constitution  may 
be  represented  by  the  formula, 


C»{JX}^°"  HI, 


an  atom  of  hydrogen  of  the  original  alkaloid  being  replaced  by  an 
atom  of  ethyl  in  the  production  of  the  new  base,  according  to  the 
equation. 


C3.Hi9NOe  +  C,H,I  =  a3,H,3NO„  HI  =  C3,|(J^^^BjN0e,  HI. 


The  above  salt  is  the  only  product  of  this  decomposition,  and  the 
entire  morjihia  is  transformed  into  it :  in  the  air-dry  state,  as 
crystallized  from  water,  it  contains  an  equivalent  of  water,  which 
it  loses  at  212". 
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I 


9*805  gis.  air-dry,  lost  in  the  water-bath 
0*195     ,,    water. 


The  percentage  calculated  from  this  result  is  1"98,  and  1'98  is  that 
corresponding  with  the  formula  : 

C33H23NO6,  Hl-f  aq. 

Hydriodate  of  ethylomorphia  is  difficultly  soluble  in  absolute 
alcohol,  more  easily  so  in  rectified  spirit :  readily  dissolved  by  hot 
water,  from  which  it  is  deposited  on  cooling  in  brilliant  colourless 
crystals,  which  magnifying  power  shows  to  be  flattened  prisms  :  it  is 
not  altered  in  the  air. 

Neither  potash  nor  ammonia  yielded  a  precipitate  with  an  aqueous 
solution  of  this  salt ;  but,  before  attempting  to  isolate  the  base  which 
this  fact  pointed  out  would  have  to  be  sought  in  another  way,  I 
attempted  to  control  the  above  formula  by  an  analysis  of  a  platinum- 
salt,but  was  unsuccessful.  A  saturated  aqueous  solution  of  hydriodate 
of  ethylomorphia  was  converted  into  hydrochlorate  by  the  successive 
employment  of  nitrate  of  silver  and  hydrochloric  acid,  and  to  the 
clear  aqueous  solution  so  obtained,  bichloride  of  platinum  was  added ; 
no  precipitate  was  formed  :  a  mixture  of  strong  alcohol  and  ether  was 
added  to  a  small  quantity  of  this  solution,  and  it  and  the  remaining 
aqueous  fluid  were  allowed  to  stand  during  a  night ;  in  the  morning 
the  former  fluid  had  deposited  beautiful  tufts  of  brilliant  yellow 
needles  which,  though  small,  were  seen  when  magnified  to  be  well- 
defined  groups  of  prismatic  crystals,  while  at  the  bottom  of  the  larger 
aqueous  liquid  was  an  amorphous  yellow  sediment ;  this  was  collected 
and  burned  in  the  usual  way,  but  the  resulting  percentage  of  platinum 
was  2*5  too  high  to  correspond  with  the  theory.  I  look  upon  this  as 
an  efiect  of  decomposition;  and  in  this  respect  the  new  base  seems  to 
bear  a  close  analogy  with  its  parent  alkaloid,  which  I  have  found 
very  prone  to  change  in  contact  with  an  excess  of  bichloride  of 
platinum. 

In  order  to  obtain  the  base,  a  quantity  of  the  crystallized  hydriodate 
was  dissolved  in  water  gently  heated,  and  oxide  of  silver  gradually 
added  till  it  was  in  excess.  The  fluid  remained  colourless  so  long  as 
hydriodate  was  present,  but  instantly  a  decided  excess  of  oxide  of 
silver  prevailed,  dark  streaks  appeared,  and  upon  filtration  a  highly 
caustic  liquid  was  obtained,  of  a  red-brown  colour ;  this  deposited  no 
crystals  upon  cooling,  or  upon  concentration,  and  when  the  whole 
was  evaporated  to  complete  dryness  at  212^^,  a  semi-transparent,  solid, 
very  dark-coloured  residue  was  obtained. 

This  residue  was  found  to  be  difficultly  soluble  in  strong  alcohol 
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(90  per  cent),  and  a  boiling  solution  deposited  a  substance  amorphous 
to  the  naked  eye,  but  revealing  under  the  microscope  distinct  crystal- 
line structure ;  it  was  scarcely  altered  in  appearance  by  exposure  to 
the  air ;  but  upon  adding  hydrochloric  acid  to  a  portion  so  exposed,  it 
was  observed  to  dissolve  with  slight  but  distinct  effervescence  to  a 
yellow  fluid,  which  gave  a  heavy  yellow  precipitate  with  chloride  of 
platinum.  It  was  readily  and  completely  soluble  in  cold  water  to  a 
red-brown  fluid,  which  exhibited  the  following  behaviour  with  various 
re-agents :  with  bichromate  of  potash  a  fine  heavy  yellow  precipitate, 
soluble  in  hydrochloric  acid ;  the  acid  solution  became  speedily  green 
upon  heating  from  reduction  of  the  chromic  acid ; — with  sulphate  of 
copper  a  green,  with  acetate  of  lead  a  white,  and  in  excess  with  nitrate 
of  silver  a  black  precipitate.  The  latter  precipitate,  npon  the  fluid  in 
which  it  had  been  formed  being  heated,  gave  a  slight  metallic  mirror, 
and  was  found  to  be  not  completely  soluble  in  ammonia,  showing  that 
the  base  had  been  oxidized  at  the  expense  of  the  oxide  of  silver. 
When  it  was  added  to  an  aqueous  solution  of  sesquichloride  of  iron, 
the  latter  assumed  a  green  coloui',  darkening  to  an  almost  black  fluid, 
with  a  larger  quantity  of  the  alkaline  solution,  and  it  was  then  found 
to  give  a  blue  precipitate  with  ferridcyanide  of  potassium,  from  which 
fact  it  is  plain,  that  in  this  instance  also  the  base  had  undergone 
oxidation :  ammonia  was  evolved  on  heating  solution  of  chloride  of 
ammonium  with  the  alkaline  fluid. 

Consideration  of  the  foregoing  reactions  did  not  permit  me  to 
hope  for  a  succcessful  analysis  of  the  alkaline  residue,  as  the  pure 
ethylomorphia ;  however  I  made  the  attempt : 

r    4-040  grs.  dried  at  21 2^  gave 
■<  10' 130    „    carbonic  acid,  and 
[    2*505    „    water. 

The  percentages  calculated  from  these  numbers,  I  place  in  juxta- 
position with  the  required  values  for  the  base : 

Experiment.  Calculated  for  ethylomorphia. 


Carbon  . 

68-38 

72-84 

^38 

228 

Hydrogen  . 

6-88 

7-34 

H2.S 

23 

Nitrogen    . 

4-47 

N 

14 

Oxygen 

15-35 

Or. 

48 

10000  313 

and  the  conclusion  I  draw  from  the  comparison  is,  that  the  ethylo- 
morphia I  subjected  to  analysis  had  already  undergone  partial  oxi- 
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(latioii  from  contact  with  oxide  of  silver.  I  cannot  at  present  add 
anything  to  this  imperfect  history,  for  my  material  was  exhausted  in 
the  experiments  described,  but  sufficient  is  shown,  I  think,  to  make 
future  inquiry  of  interest.  It  is  obvious  the  base  is  extremely  prone 
to  decomposition  by  oxidizing  agents ;  in  this  character  it  also  re- 
sembles its  parent  morphia,  but  it  shows  the  tendency  in  a  more 
marked  degree. 

I  did  not  attempt  to  continue  the  ethylation  in  this  case,  a  trial  of 
the  kind  being  made  with  the  methyl-product  to  be  next  described. 


ACTION    OF    IODIDE    OF    METHYL    UPON    MORPHIA. 

Morphia  was  submitted  to  the  action  of  iodide  of  methyl  under 
precisely  the  same  circumstances  as  have  been  described  with  reference 
to  iodide  of  ethyl ;  after  about  half  an  hour^s  boiling,  the  change 
appeared  complete,  a  heavy  white  crystalline  powder,  occupying  a 
larger  space  than  the  original  alkaloid,  being  formed.  The  fluid 
remained  almost  colourless,  and  drained  away  readily  from  the  new 
product  when  the  tube  was  opened. 

The  product  was  found  to  dissolve  readily  in  hot  water,  showing 
that  complete  change  had  taken  place.  As  the  water  cooled,  a 
deposit  was  quickly  formed  in  fine  brilliant,  square,  prismatic, 
colourless  needles,  of  high  refractive  power.  A  portion  was  analyzed 
in  the  same  manner  as  the  former  product : 

4-455  grs.  dried  at  212°  gave 


8-245    „ 

carbonic  acid,  ; 

and 

)  2-152    „ 

water. 

)  4-335    „ 

give 

V  2-380    „ 

iodide  of  silver 

. 

Experiment. 

Calculated. 

Carbon  . 

.     50-47 

50-57 

^36 

216 

Hydi'ogen 

.       5-36 

5-15 

^23 

22 

Nitrogen 

3-27 

N 

14 

Oxygen 

11-26 

Os 

48 

Iodine   . 

.     29-66 

29-75 

I 

127-1 

10000 


427-1 


These  results  point  to  a  decomposition  precisely  analogous,  as  was 
to  be  anticipated,  to  the  one  with  iodide  of  ethyl ;  the  hydriodate  of 
methylomorphia  being  formed  according  to  the  equation 


^34^19 


,NOe  +  C2H3I  =  C3eH,,N0,HI  =  C3,  {  ^^f^^  ]  NO«HI. 
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The  salt  iu  the  crystallized  state  contans  2  equivs.  of  water  which 
It  loses  at  2120. 

9"630  grs.  lost  on  dryiug  in  the  water-bath 
0-400    „     water. 

The  percentage  calculated  from  this  number  is  4'15  ;  and  4'04  is 
that  which  corresponds  to  the  formula 

C36H,iN06  +  2HO. 

This  is  precisely  the  formula  found  for  the  hydriodate  of  codeine 
as  dried  at  212'',  by  Professor  Anderson  3^  so  that  the  air-dry  hy- 
driodate of  methylomorphia  is  identical  in  composition  with  the 
corresponding  salt  of  codeine  as  dried  at  212"^;  the  salts,  however, 
are  only  isomeric,  for  nothing  could  be  more  unlike  the  fine  crys- 
talline alkaloid  codeine,  than  the  alkaline  substance  obtained  by 
the  action  of  oxide  of  silver  upon  the  hydriodate  of  the  new  base.  In 
shortj  it  resembles  in  every  particular  the  corresponding  ethyl-com- 
pound in  appearance  and  reactions  so  closely,  that  to  describe  them 
would  be  to  repeat  what  has  been  said  of  that  substance.  I  did  not 
attempt  an  analysis  of  this  base,  but  having  obtained  some  in  the  dry 
state,  proceeded  to  try  the  further  action  of  iodide  of  methyl  upon  it. 

With  this  view,  the  base  was  separated  by  the  action  of  oxide  of 
silver,  of  which  an  excess  was  attempted  to  be  avoided,  on  the  hy- 
driodate, and  subsequent  evaporation  of  the  caustic  aqueous  fluid, 
which  was  coloured  reddish-yellow,  to  dryness  at  212°;  in  this  state 
it  presented  an  appearance  as  beforesaid,  exactly  similar  to  that  of 
ethylomorphia,  produced  by  the  same  means,  namely,  that  of  a  dark- 
brown,  semi-transparent,  amorphous  mass.  Its  reactions  w'ere  iden- 
tically those  of  the  former  base.  The  methylomorphia  so  obtained 
had  most  probably  commenced  to  undergo  partial  oxidation,  but  as 
this  was  unavoidable,  the  whole  was  powdered  and  placed  in  contact 
with  iodide  of  methyl  and  alcohol.  Action  commenced  even  in  the 
cold ;  for  on  shaking  together  the  contents  of  the  vessel,  the  fluid 
became  filled  with  a  light-brown  flocky  substance,  which  upon  trial 
gave  a  precipitate  with  nitrate  of  silver,  showing  the  presence  of 
hydriodic  acid.  To  ensure  reaction,  the  tube  containing  the  mixture 
was  sealed,  and  subsequently  placed  in  water  at  212"  ;  upon  this 
a  resinous  substance  was  immediately  formed  at  the  bottom  of  the 
tube,  and  the  supernatant  liquid  became  quite  clear,  the  flocky  matter 
disappearing.  The  heating  was  continued  about  half  an  hour,  and 
no  further  change  taking  place  in  appearance,  the  tube  was  allowed 
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to  cool ;  a  very  slight  dej)osit  appeared  adhering  to  the  sides  of  the 
tube,  of  rather  a  resinous  nature.  The  tube  was  oj)cned,  and  the 
clear  fluid  poured  from  the  resin ;  water  was  added  to  it,  no  change 
produced ;  the  aqueous  fluid  was  then  distilled,  to  separate  the  excess 
of  iodide  of  methyl,  and  subsequently  evaporated  at  212" ;  the 
residue  left  was  a  black  amorphous  mass,  which  was  found  to  dissolve 
only  partially  in  water  to  a  very  dark  fluid,  while  a  considerable 
portion  remained  in  the  form  of  a  black  powder ;  this  proved  to  be 
insoluble  in  every  menstruum,  with  the  exception  of  strong  nitric 
acid,  which  gave  a  reddish-yellow  solution,  nitrous  acid  being  evolved. 
The  watery  fluid  contained  a  hydriodate  of  a  base ;  the  quantity 
being  very  small,  I  attempted  to  obtain  some  idea  of  the  change 
efi'ected  by  converting  it  into  a  platinum-salt,  carefully  avoiding  an 
excess  of  platinum-solution.  I  obtained  a  yellow  curdy  salt,  but  in 
very  small  quantity,  and  on  determining  the  percentage  of  platinum 
with  the  utmost  care  I  obtained  21*14  per  cent,  which  is  far  above 
that  required  by  the  platinum  salt  of  even  morphia  itself. 

The  resinous  deposit  which  was  described  as  adhering  to  the  sides 
of  the  tube,  appears  to  be  identical  with  the  substance  contained  in 
the  alcoholic  fluid  :  at  least  it  furnished  a  solution  in  hot  water, 
which  upon  evaporation  at  212°,  left  a  residue  agreeing  in  its  charac- 
ters and  qualitative  reactions  precisely  ^ath  that  left  by  drying  up  the 
spirituous  liquid ;  its  quantity  was  too  small  to  admit  of  quantitative 
experiments. 

I  do  not  venture  to  draw  any  definite  conclusions  from  these  facts 
with  regard  to  the  continued  action  of  iodide  of  methyl  upon  methylo- 
raorphia,  but  that  a  decomposition  of  a  more  complicated  nature 
than  the  simple  assumption  of  another  equivalent  of  ethyl  takes 
place  is,  I  think,  ob\dous.  It  will  be  shown  presently  that  this  con- 
clusion seems  to  be  warranted  by  a  deportment  of  a  similar  nature 
observed  in  reference  to  a  basic  product  derived  from  codeine. 
Further  experiment,  however,  must  decide  the  nature  of  these 
changes. 

REACTION    BETWEEN    MORPHIA    AND    CHLORIDE    OF    AMYL. 

Morphia  was  placed  in  contact  with  chloride  of  amyl  under  circum- 
stances precisely  similar  to  those  which  have  been  mentioned  with 
regard  to  iodide  of  ethyl  and  methyl.  No  change  took  place  after 
three  days;  for  upon  opening  the  tube,  the  alkaloid  was  found 
unaltered.  Knowing  the  reactions  of  this  member  of  the  alcohol 
series  to  be  somewhat  sluggish,  I  repeated  the  experiment,  expecting 
a  longer  exposure  to  heat  might  be  requisite  to  efl'ect  a  decomposition. 
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Accordingly,  a  tube  was  sealed  as  before,  and  the  contents  were  kept 
boiling  constantly  for  about  fourteen  days.  In  about  four  or  five 
days,  a  crystalline  substance  began  to  be  formed,  and  upon  opening 
tlie  tube  at  the  fortnight^s  end,  the  solid  deposit  which  had  gradually 
collected,  was  found  to  be  a  hydrochlorate ;  the  alcoholic  fluid  was 
poured  away  and  the  salt  washed  and  dried ;  it  was  soluble  in  hot 
water,  and  the  colourless  solution  gave,  upon  gentle  evaporation,  a 
crystalline  substance,  in  the  form  of  opaque  tufts  of  four-sided  prisms 
(magnified) ;  when  dried  and  subjected  to  analysis,  the  crystals  gave 
these  results  : 


I. 


{ 


3*060  grs.  dried  at  213°,  gave 
r340    ,,    chloride  of  silver. 


J  J     f  4-290  „    dried  at  212^  gave 

1 1'895  J,    chloride  of  silver. 

Experiment.  Calculated. 

Carbon     .     .  63-45  C34         204 

Hydrogen      .  6-22  U,^          20 

Nitrogen  .     .  4-35  N"            14 

Oxygen    .     .  14-94  Og            48 

Chlorine  .     .     10-83  10-92                 11-04  CI            35-5 


100-00  321-5 

which,  upon  a  comparison  with  the  calculation,  and  the  formula 
adjoined,  which  is  that  of  morphia,  will  show  that  we  have  not  in  this 
case  a  decomposition  analogous  with  the  preceding  ones  ;  the  hydro- 
chlorate  here  formed  is  indeed  the  salt  of  morphia  ;  its  appearance  and 
characters  are  identical  with  the  latter ;  and  the  addition  of  ammonia 
to  its  aqueous  solution,  yields  a  crystalline  precipitate,  which  has  all 
the  pro})ertics  of  })ure  morphia,  as  ascertained  by  various  tests. 

The  reaction  thus  occurring  may  be  explained  as  taking  place 
between  the  chloride  of  amyl  and  the  elements  of  water,  of  which 
morphia,  as  crystallized  from  alcohol  (the  state  in  which  it  was 
employed)  retains  2  equivs.  when  dried  in  the  air;  indeed,  they  are 
not  comj)lctcly  expelled,  except  at  a  temj)erature  considerably  above 
212°  F.  So  far  as  I  remember,  I  used  absolute  alcohol;  and  the 
chloride  of  amyl  had  been,  I  was  told,  distilled  from  lime :  at  all 
events,  when  tested  with  nitrate  of  silvei-,  it  gave  only  slight  indi- 
cations of  chlorine  in  a  state  precipitable  by  this  reagent ;  the  equa- 
tion representing  this  change  then  appears  to  be : 

C,,H,9N0„  2  HO H  C,,l  1  „(  I  =  C3J1,„N0,„  HCl  +  C.oHiA- 
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I  am  not  aware  if  the  chloride  of  amyl  has  been  found  to 
undergo  this  transformation  simply  in  presence  of  water;  possibly 
it  may,  under  the  circumstances  of  my  experiment ;  if  not,  the  action 
of  the  morphia  in  this  respect  seems  to  be  analogous  to  that  of 
potassa,  &c,,  in  producing  the  alcohols  from  their  corresponding 
halogen  compounds. 

I  propose  subjecting  artificially  dried  morphia  to  the  action  of 
anhydrous  chloride  of  amyl,  to  ascertain  if  the  compound  of  this 
series,  corresponding  to  the  ethyl  and  methyl  products,  cannot  be  so 
obtained. 

I  now  proceed  to  give  the  result  of  some  experiments  upon  a 
vegetable  alkaloid,  closely  allied  in  oi'igin  with  the  former,  viz. : 
codeine. 

ACTION    OF    IODIDE    OF    ETHYL    UPON    CODEINE. 

About  25  grains  of  finely-powdered  codeine  were  placed  in  a  com- 
bustion-tube, about  2  feet  long,  sealed  at  one  end ;  iodide  of  ethyl 
was  poured  upon  it  in  small  quantity,  and  absolute  alcohol  added  in 
such  proportion  as  was  judged  sufficient  to  dissolve  the  alkaloid ; 
the  tube  was  sealed.  On  cooling  of  the  tube,  its  contents  were 
shaken  together,  and  a  perfectly  clear  homogeneous  fluid  was  ob- 
tained :  the  whole  was  placed  in  boiling  water.  In  about  two  hours, 
the  contents  of  the  vessel  became  nearly  solid,  from  the  presence  of  a 
white,  crystalline  substance.  This  was  considered  to  indicate  the 
completion  of  the  action. 

Upon  the  appearance  of  the  crystalline  product,  the  tube  was 
allowed  to  cool.  When  it  was  cut  open,  the  fluid  was  suffered  to 
drain  off"  from  the  solid,  which  was  then  scraped  out,  placed  upon  a 
filter,  washed  with  a  little  alcohol,  and  finally  dried  between  folds 
of  paper.  The  substance  then  presented  the  appearance  of  a  highly 
crystalline,  white  mass ;  it  was  found  to  dissolve  completely,  on 
being  covered  with  a  small  quantity  of  cold  water.  On  filtering  the 
fluid  from  a  little  dust,  a  tendency  to  crystallization  was  observed  : 
this  was  overcome  by  the  addition  of  some  drops  of  warm  water,  and 
the  clear  liquid  was  placed  in  the  vacuum  of  an  air-pump,  and  left 
for  a  night.  In  the  morning,  although  the  apparent  decrease  in  the 
bulk  of  liquid  was  but  small,  a  considerable  crystalline  deposit  was 
formed,  which,  under  magnifying  power,  was  seen  to  be  made  up  of 
tufts  of  fine,  silky,  white  needles  ;  it  was  freed  from  the  mother- 
liquor,  and  then  collected  and  dried.  An  experiment  on  the  small 
scale  showed  that  the  substance  contained   much  iodine ;  accordingly 
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it  was  submitted  to  analysis.  The  iodine  in  the  following  analysis 
was  determined  by  direct  precipitation  of  an  aqueous  solution  by 
nitrate  of  silver;  the  combustion  made,  of  course,  with  chromate 
of  lead : 

5-025  grs.  dried  at  2120,  gave 

9*690    „     carbonic  acid,  and 

2'658    „     water. 

4*453    ,,     gave 


V  2-300    „ 

iodide  of  silver. 

Experiment. 

Calculated. 

Carbon  .     .     52-59 

52-73 

^40 

240 

Hydrogen  .       5-87 

5-71 

^26 

26 

Nitrogen    . 

3-07 

N 

14 

Oxygen       . 

10-57 

Oe 

48 

Iodine   .     .     27-91 

27-92 

J 

1271 

100-00 


455-1 


These  results  clearly  show  that  we  have  here  a  substance  whose 
rational  formula,  as  an  hydriodate  of  a  new  base,  may  be  represented 
thus  : 


cji,,m„  HI, 


derived  from  codeine,  according  to  the  following  equation,  by  the 
substitution  of  an  atom  of  ethyl  for  an  atom  of  hydrogen ;  it  may  be 
called  hydriodate  of  ethylocodeine  : 

H. 


C.AiNO,  +  aHJ=.C,JL,NO«,  HI  =  C 


36 


/    H20    "1 
IC4HJ 


NO,,  HI. 


I  immediately  attempted  to  obtain  the  base  by  decomposition  of 
the  salt  by  ammonia  and  potash,  but  no  precipitate  was  obtained  even 
in  very  concentrated  solutions,  or  on  the  addition  of  alcohol  and 
ether.  However,  when  the  potass-fluid  was  boiled,  it  became  muddy, 
and  on  cooling,  an  oily  substance  was  deposited,  which  presented  an 
appearance  somewhat  similar  to  codeine ;  but  upon  dissolving  it  in 
boiling  water,  it  failed  to  take  the  crystalline  character  of  this  alkaloid 
under  similar  circumstances,  for  the  water  gave  no  deposit  at  all  on 
cooling,  and  it  was  only  by  evaporation  that  the  same  oily  matter 
again  made  its  appearance.  I  am  inclined  to  think  this  not  tlie 
ethylocodeine,  but  a  product  of  decomposition.  I  next  attempted  to 
isolate  the  base  by  acting  on  the  hydriodate  with  oxide  of  silver, 
which  was  added  in  successive  small  quantities  to  a  warm  aqueous 
solution  of  the  salt  till  it  was  obviously  in  excess ;  a  highly  alkaline 
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fluid  was  obtained,  of  which  a  small  portion  was  evaporated  to  dryness 
at  212*^ ;  a  scmi-ti-aiisparent,  dark-coloured  residue  remained,  which 
effervesced  with  hydrochloric  acid,  and  dissolved  to  a  yellow  fluid, 
which  gave,  with  bichloride  of  platinum,  a  yellow  precipitate,  at  first 
amorphous,  but  becoming  highly  crystalline  on  standing  ;  this 
character,  as  will  be  seen  presently,  belongs  to  the  platinum-salt  of 
ethylocodeine  obtained  by  double  decomposition,  and  I  conclude 
that  the  new  basic  substance  is  uncrystalline,  highly  soluble 
in  water,  and  capable  of  absorbing  carbonic  acid  from  the  air.  The 
nature  of  my  materials  compelled  me  to  extreme  economy,  and  I 
contented  myself  with  this  single  attempt  at  obtaining  the  base  itself 
in  a  dry  state  ;  its  characters  not  being  inviting  for  analysis  any  more 
than  those  of  the  corresponding  morphia-compound,  I  preserved  the 
residue  of  that  which  I  had  prepared,  for  an  experiment  to  be 
described  hereafter,  controlling  the  former  analysis  of  the  hydriodate 
by  a  platinum  determination  in  the  double  salt  of  the  ethylocodeine 
and  chloride  of  platinum. 

The  mother-liquor  which  had  deposited  the  hydriodate  submitted 
to  analysis,  was  allowed  to  stand  in  the  air ;  it  became,  after  some 
time,  again  nearly  filled  with  tufts  of  delicate  needles,  which  gradually 
assumed  a  new  crystalline  form,  the  whole  being  transformed  into 
well-defined,  brilliant  rhombic  crystals  of  high  refractive  power.  A 
poi'tion  of  these  was  dissolved  in  water,  and  solution  of  nitrate  of  silver 
added ;  from  the  fluid  filtered  from  the  iodide  of  silver  hydrochloric 
acid  separated  the  excess  of  silver,  and  to  the  liquid  again  filtered  was 
added  bichloride  of  platinum  ;  an  amorphous  precipitate  immediately 
appeared  of  a  pale  yellow  colour,  but  it  speedily  became  crystalline, 
and  on  allowing  the  fluids  to  remain  at  rest,  a  salt  was  obtained  in 
very  fine,  and  well-defined,  though  small,  rhombic  crystals  of  a  rich 
yellow  colour  ;  of  this  salt, 

5*910  grs.  gave 
1'060    „    platinum. 

The  percentage  calculated  from  this  result  is  17' 93,  which  falls 
somevi'hat  below  that  required  by  the  formula  of  an  anhydrous  salt  of 
ethylocodeine,  which  is  18*51  ;  but  as  the  salt  was  so  finely  crystal- 
lized, and  I  could  perceive  no  obvious  source  of  error,  I  am  inclined 
to  think  that  this  base,  like  its  parent  codeine,  retains  an  equivalent 
of  water  in  this  form  of  combination.  The  percentage  of  platinum 
corresponding  to  the  formula, 

C40H25NO6,  HCl,  PtCU  +  HO, 

is  here  contrasted  with  the  result  of  experiment, 


{: 
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Theory.  Experiment. 

18-20  17-93 

and  is,  I  think,  sufficient  to  prove,  together  with  the  foregoing 
analysis,  the  true  composition  of  the  base  in  question.  When  this 
salt  is  boiled  in  water  it  becomes  at  first  resinous,  then  dissolves ;  it 
appears  to  have  suffered  decomposition,  a  substance  being  deposited, 
on  cooling  of  the  fluid,  in  rounded  transparent  granules,  rather  than 
oblique  rhombic  crystals. 

ACTION  OF  IODIDE  OF  ETHYL  ON  ETHYLOCODEINE. 

I  mentioned  that  I  attempted  to  isolate  ethylocodeine  by  decom- 
position of  its  hydi'iodate  by  oxide  of  silver.  A  caustic  fluid  was 
obtained  which,  upon  evaporation  in  vacuo,  left  an  amorphous  semi- 
transparent  residue.  I  concluded  from  the  experiment  then  mentioned 
with  regard  to  a  platinum-salt  obtained  from  a  similar  trial  on  the 
small  scale,  in  which  the  caustic  fluid  was  evaporated  to  dryness 
at  212**,  that  the  base  so  obtained  was  the  true  ethylocodeine.*  It 
was  now  my  object  to  try,  by  the  further  action  of  iodide  of  ethyl, 
whether  the  ethylation  was  complete,  or  if  another  atom  of  hydrogen 
could  be  taken  away  and  replaced  by  ethyl.  With  this  view,  the 
residue  obtained  by  evaporation  of  the  alkaline  fluid  in  vacuo  was 
dissolved  in  absolute  alcohol,  iodide  of  ethyl  added,  and  the  whole 
sealed  up  in  a  tube,  which  was  exposed  to  the  temperature  of  boiling 
water ;  no  crystalline  deposit  appearing,  the  action  was  continued  for 
about  twenty-four  hours ;  at  the  end  of  this  time  the  fluid  became 
rather  dark  coloured,  and  a  resinous  black-looking  deposit  was 
formed.  The  tube  was  opened,  the  fluid  poured  from  the  deposit 
into  a  small  flask,  and  the  chief  part  of  the  iodide  of  ethyl  distilled 
ofi";  water  was  added  to  the  remaining  fluid,  which  was  then  placed 
on  the  water-bath  and  allowed  to  remain  some  hours ;  at  the  end  of 
this  time  all  smell  of  iodide  of  ethyl  ceased,  and  a  black  substance 
deposited  in  small  quantity :  the  fluid  was  filtered  from  this,  and 
upon  the  addition  of  nitrate  of  silver,  a  considerable  precipitate  of 
iodide  was  formed  ;  the  excess  of  silver  was  removed  by  hydrochloric 
acid,  and  bichloride  of  platinum  was  added  to  the  filtered  fluid ;  an 
amorphous  yellow  precipitate  was  formed  which,  upon  standing, 
became  partially  couvcrtcd  into  a  substance  which,  under  the 
microscope,  a])i)earcd  not  crystalline,  but  had  the  form  of  rounded 
grains ;  this  was  collected  and  analyzed.  The  resulting  percentage  of 
platinum  obtained  was  21-20,    which  is  considerably   above  that  of 

*  Possibly  il  liacl  undergone  slight  oxiditioii. 
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codeine  itself.  This,  and  the  appearance  of  the  resinous  substance — 
which  I  may  mention  dissolves  almost  completely  in  boiling  hydro- 
chloric acid,  and  is  again  thrown  down  by  potash — seem  to  point  to 
decomposition  of  quite  another  character  than  the  one  sought.  I  am 
unable  at  present  to  elucidate  this  question,  but  it  seems  worthy  of 
investigation.  It  is  perhaps  proper  to  state  here,  that  in  the  first 
experiment  I  made  upon  the  action  of  iodide  of  ethyl  upon  codeine, 
the  action  was  continued  some  hours  after  the  first  deposit  had  been 
observed,  and  that  in  this  case  also  a  resinous  deposit  was  formed, 
the  fluid  was  highly  coloured,  and  the  crystalline  product  was  not 
nearly  so  well-defined  in  its  characters.  It  was  for  this  reason  that 
the  action  in  the  experiment,  the  product  of  which  gave  the  results 
stated,  was  stopped  as  soon  as  the  large  quantity  of  crystalline 
deposit  appeared. 

I  have  satisfied  myself  that  codeine  is  rapidly  acted  upon  by  iodide 
of  methyl ;  no  doubt  the  resulting  decomposition  is  similar  in  nature 
to  that  effected  by  iodide  of  ethyl. 

The  preceding  experiments  are  not  complete  enough,  or  in  some 
respects  sufficiently  decided  in  their  results,  to  permit  of  any  very 
definite  conclusions  being  drawn  as  to  the  exact  nature  of  the  alka- 
loids to  which  they  relate ;  so  much,  however,  has  been  shown,  I 
think,-  as  to  call  for  some  attempt  at  deduction. 

The  nature  of  the  alkaline  substances  produced  by  the  action  of 
oxide  of  silver  upon  what  I  have  termed  the  hydriodates  of  ethylo- 
and  methylo-morphia  and  codeine,  would  seem  to  ally  them  more 
closely  to  what  Hofmann  has  called  oxides  of  tetra-bases  than  to  any 
other  bodies.  In  the  slight  but  distinct  tendency  they  exhibit  to 
absorb  carbonic  acid,  they  are  certainly  removed  from  any  close 
analogy  with  the  alkaloids  from  which  they  are  derived ;  although,  in 
the  single  analysis  I  have  given  of  one  of  these  substances,  the 
so-called  ethylo-morphia,  the  evident  oxidation  it  had  undergone 
prevents  any  support  being  afforded  to  this  assumption  on  the  one 
hand,  so  likewise  on  the  other  it  does  deprive  it  of  any  pretensions  to 
correctness.  The  only  conclusion  I  can  venture  to  draw  from  the 
facts  obtained,  as  to  the  continued  action  of  the  iodides  of  methyl  and 
ethyl  upon  these  substances,  is  that  some  change  is  effected  which 
causes  the  formation  of  a  basic  body,  having  a  lower  atomic  weight 
than  the  original  compound,  and  the  production  of  the  resinous 
matters  seems  also  to  point  to  a  breaking  up  of  the  primary  molecule ; 
but  of  course  the  experiments  from  which  this  is  inferred  are  too 
incomplete  to  warrant  any-  more   decided  opinion  as  to  the  precise 
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nature  of  the  decomposition.  It  would  follow  necessarily,  from  tlie 
foregoing  view  of  the  constitution  of  the  ethyl  and  methyl  new  basic 
compounds  isolated  from  their  salts,  that  if  the  alkaloids  from  which 
they  are  derived  were  placed  in  their  appropriate  class,  according  to 
the  provisional  nomenclature  of  Hofmann,  they  would  come  under 
the  designation  of  nitrile  bases  ;  and  in  the  decompositions  in  which 
morphia  and  codeine  have  been  seen  to  be  transformed,  they  would 
have  had  attached  to  them  the  elements  of  iodide  of  ethyl,  for 
instance,  as  expressed  thus  : 

C3,H,9NOe  +  C,H,I  =  C33H,,NOe,I     and 
C3GH2iN06  +  C,H,I  =  C,oH,eNOe,I 
the  new  salts  becoming  rather  analogous  to  iodide  of  ammonium  than 
to  hydriodates  of  natural  alkaloids. 

Experiments  made  in  the  same  direction,  with  others  of  the  vege- 
table bases,  would  doubtless  prove  of  considerable  interest ;  since, 
notwithstanding  both  those  to  which  I  have  given  my  attention 
appear  to  belong  to  the  same  class,  as  was  perhaps  to  be  expected 
from  their  being  so  closely  allied  in  origin,  it  is  extremely  probable 
that  alkaloids,  contained  in  plants  of  a  different  natural  family,  will 
be  found  to  possess  different  constitutions ;  I  hope  to  examine  a  few. 
I  would  venture  to  make  one  other  remark  before  concluding  this 
paper.  The  fact,  that  by  the  action  of  iodide  of  methyl  upon 
morphia,  a  salt  is  produced,  only  isomeric  and  in  no  way  identical 
with  hydriodate  of  codeine,  the  base  of  the  new  salt  differing  so 
widely  in  character  from  the  latter  alkaloid,  does  not  appear  to  me  to 
afford  great  stimulus  to  any  hopes  of  forming  the  natural  alkaloids 
by  this  means ;  since,  if  we  fail  in  the  case  of  two  natural  products 
of  the  very  same  plant,  it  seems  far  less  probable  to  bring  about 
such  a  result  as  the  production  of  a  base  identical  with  a  natural 
formation,  from  a  substance  with  which  it  has  no  relation,  beyond  a 
certain  difference  in  their  relative  proportions  of  carbon  and  hy- 
drogen. 

In  conclusion,  I  append  a  list  of  the  salts  I  have  examined,  con- 
sidered as  iodides,  in  their  diy  and  crystallized  states  : 
Iodide  of  methylomorphia,  dried  at  212°  €351122^0^5  I 

„       „  „  crystallized      C3gH22NOg,  1  +  2 IIO 

„       „  ethylomorphia,  dried  at  212"     C.5JI24NOC,  I 
„       „  „  crystallized     Cg^lIo^NOg,  I  +  HO 

„       „  ethylocodeine  is  anhydrous  C4yII,,(jN0g,  I 

Platinum-salt  of   „  dried  at  212'»     C.^,ll2oNO„  CI,  PtCl2^  HO. 
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XVI. — Note  on  Sulphantimoniate  of  Copper  and  Zinc. 
By  Professor  E tiling. 

(from  a  letter  to  dr.  hofmann.} 

In  the  January  Number  of  the  Quarterly  Journal  of  Chemistry  for 
]852j  p.  332,  Mr.  Field  communicated  the  analysis  of  a  new  mineral 
which,  according  to  the  statements  of  Mr.  Domeyko.  occurs  in 
large  quantity  in  the  Pit  Altar,  near  Coquimbo,  together  with  zinc- 
blende,  iron-pyrites,  and  fahl-ore,  and  differs  from  the  latter,  especi- 
ally from  the  zinc-fahl-ore,  which  is  closely  allied  to  it,  by  its  greenish- 
grey  colour,  by  giving  a  much  lighter  red  streak,  and  by  its  softness. 

On  recalculating  the  results  obtained  by  Mr.  Field,  who  has 
omitted  to  translate  his  data  into  a  formula,  I  find  that  antimony  and 
arsenic  in  this  ore  are  not  present  in  the  form  of  tersulphides,  as  in 
fahl-ore,  but  in  the  form  of  pentasulphides,  as  in  Enargite  and 
Xanthocon,  a  fact  which  may  serve  to  explain  the  difference  between 
the  properties  of  this  ore  and  zinc-fahl-ore. 

Mr.  Field's  analysis  led  to  the  following  results  : 


Sb. 

As. 

s. 

Cu 

Zn. 

Fe 

Ag. 

Total. 

20-28 

3-91 

30-35 

36-72 

7-26 

1-23 

0-07 

99-82 

If  the  amount  of  sulphur  be  calculated,  which  is  required  to  convert 
copper,  zinc,  iron,  and  silver  into  sulphides,  we  find  13-525  per  cent, 
leaving  16-825  per  cent  for  the  antimony  and  arsenic.  Calculated 
as  tersulphides,  these  two  metals  would  require  10048  per  cent  of 
sulphur,  leaving  an  excess  of  6-77  percent.  Calculated  on  the  other 
hand  as  pentasulphides,  antimony,  and  arsenic  require  16*753  per 
cent  leaving  only  the  slight  excess  of  0-072  per  cent.  Hence  it  can- 
not be  doubted  that  the  new  mineral  is  actually  a  sulphantimoniate 
and  sulpharseyiiate  of  copper  and  zinc. 

Since  the  sulphur  of  the  basic  sulphides  stands  to  that  of  the  acid 
sulphides  =13-525  :  16*753  =  4  :  5,  the  formula  of  the  mineral  may 
be  written  4  (Cu^  S,  Zn  S,  Fe  S,  Ag  S)  +  Sb  S-,  As  S^  or  approximately 
2  (4  Cug  S,  Sb  Sj")  +4  (Zn  S,  Fe  S,  Ag  S)  +  (Sb  S^,  As  S-). 

Enargite,  as  is  well  known,  is  3  Cuo  S,  As  S^,  and  occurs  at  Moro- 
cocha  in  Peru. 
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MEETINGS  OF  THE  CHEMICAL  SOCIETY. 


ANNIVERSARY    MEETING, 

March  30,  1853. 

Professor  Daubeny,  President,  in  the  Chair. 

The  Report  of  the  Council,  and  the  audited  Account  of  the  Trea- 
surer, were  read  (vid.  p.  147). 

The  following  gentlemen  were  duly  elected  as  Council  and  Officers 
for  the  ensuing  year  : 

PRESIDENT. 

Colonel  Philip  Yorke,  F.R.S. 

VICE-PRESIDENTS,  WHO  HAVE  FILLED  THE  OFFICE  OF  PRESIDENT. 

W.  T.  Brande,  M.D.  Charles  G.  B.  Daubeny,  M.D.,  F.R.S. 

Thomas  Graham,  F.R.S. 

VICE-PRESIDENTS. 

II.  Bence  Jones,  M.D.,  F.R.S.       Lyon  Playfair,  C.B.,  Ph.D.,  F.R.S. 
G.  D.  Longstaff,  M.D.  Robert  Warington,  Esq. 

SECRETARIES. 

Benjamin  Collins  Brodie,  F.R.S.        Theophilus  Redwood,  Ph.D. 

FOREIGN    SECRETARY. 

A.  W.  Hofmann,  Ph.D.,  F.R.S. 

TREASURER. 

Robert  Porrett,  F.R.S. 
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OTHER    MEMBERS    OF    THE    COUNCIL. 

Thomas  Anderson,  M.D.,  F.K.S.  Dr.  Miller. 

John  Blyth,  M.D.  Capt.  J.  W.  Reynolds. 

Dugald  Campbell,  Esq.  Thomas  Taylor,  Esq. 

Warren  de  la  Rue,  Ph.D.,F.R.S.  J.  Arthur  Phillips,  Esq. 

J.  H.  Gladstone,  Ph.D.  George  Wilson,  M.D.,  F.R.S. 

William  Herapath,  Esq.  A.  W.  Williamson,  Ph.D. 

The  thanks  of  the    Society  were   voted  to   the  President,   Vice- 
President,  and  Council,  for  their  services  during  the  past  year. 


April  4,  1853. 
Colonel  Philip  Yorke,  President,  in  the  Chair. 

The  following  donations  were  announced  : 

''  Report  on  the  Bad  Quality  of  Chemical  Products  and  Drugs  used 
by  Calico  Printers,^^  by  F.  Grace  Calvert :  from  the  Author. 

"  The  Journal  of  the  Society  of  Arts  for  March :"  from  the 
Society. 

"  The  Literary  Gazette  for  March  19th  :"  from  the  Publishers. 

"  The  Pharmaceutical  Journal  for  April :"  from  the  Editor. 

A  paper  was  read  : 

"  On  some  Compounds  of  Urea,  and  on  a  New  Method  for  the 
Determination  of  Chloride  of  Sodium  and  of  Urea  in  Urine/'  by 
Baron  Liebig. 


April  18,  1853. 

Colonel  Philip  Yorke,  President,  in  the  Chair. 

Stevenson  Macadam,  Esq.,  of  Edinburgh,  was  admitted  a  Fellow 
of  the  Society. 

The  following  donations  were  announced : 

"  The  Journal  of  the  Society  of  Arts  for  April  the  8th  and  15th  :" 
from  the  Society. 

"  The  Literary  Gazette  for  April  9th  and  16th :"  from  the 
Publishers, 
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"  The  Journal  of  the  Franklin  Institute  for  February  and  March, 
1853  :"  from  the  Institute. 

John  A.  Mease,  Esq.,  of  the  Lake  Chemical  Works,  South  Shields, 
was  elected  a  Fellow  of  the  Society. 

The  following  papers  were  read  : 

"On  the  general  distribution  of  iodine  and  bromine:"  by  Ste- 
venson Macadam. 

"On  the  solid  compound  obtained  by  distilling  stearic  acid  with 
lime:"  by  Thos.  H.  Rowney  Ph.D. 


May  2,   1853. 
Colonel   Philip  Yorke,  President,  in  the  Chair. 

The  following  donations  were  announced  : 

"  The  Literary  Gazette,"  3  Numbers  :  from  the  Publishers. 

"  The  Journal  of  the  Society  of  Arts,"  2  Numbers :  from  the 
Society. 

"  The  Pharmaceutical  Journal,"  for  May  :  from  the  Editor. 

Becquerel,  M.,  "  Traite  Experimental  de  I'Electricite  et  du  Magne- 
tismc  et  de  leurs  Rapports  avec  les  Phenomenes  uaturels,"  Tomes  VII, 
8vo,  Paris,  1834-40. 

Bergman,  "Physical  and  Chemical  Essays," by  Edmund  Cullen, 
M.D.,  8vo,  London,  Vol.  Ill,  1788-91. 

Berzelius,  J.  J.,  "Traite  de  Chimie,"  traduit  par  A.  J.  L.  Jour- 
dan,  Tomes  VIII,  8vo,  1829-33. 

Chaptal,  M.  J.  A.,  "Elements  of  Chemistry,"  translated  from  the 
French,  Vol.  Ill,  8vo.,  London,  1800. 

Cramer,  John  Andrew,  M.D.,  "Elements  of  the  Art  of  Assaying 
Metals,"  in  2  Parts,  8vo.,  London,  1741. 

Fritschius,  John  Christian,  "  The  Principles  of  Pyrotechnical 
Metallurgy  and  Metallick  Essaying,"  12mo. 

Gellert,  C.  C,  "  Metallurgic  Chemistry,"  8vo.,  London,  1776. 

Girtanner,  Christoph,  "  Anfangsgriinde  der  Antiphlogistichen 
Chcmie,"  8vo.,  Berlin,  1795. 
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Glauber,  John  Eudolph,  "A  description  of  New  Philosophical 
Furnaces,  or  a  New  Ai't  of  Distilling,  also  a  description  of  the  Tinc- 
ture of  Gold,  or  the  true  Aurum  Potabile,"  12mo.,  London,  1651. 

Greu,  Dr.  Friedrich  Albrecht  Carl,  "Grundriss  der  Chemie,^^ 
ErsterTheil,  8vo.,  Halle,  1796. 

,  "  Systematisches  Handbuch  der  gesammten  Chemie," 

8vo.,  Band  II,  Erster  Theil,  1795. 

"  Pyritologia,  or  a  History  of  the  Pyrites,"  translated  from  the 
German,  by  J.  H.  Henckel,  1757,  8vo.,  London. 

Henry,  Wm.,  M.D.,  F.R.S.,  ''Elements  of  Experimental  Chemis- 
try," Vol.  II,  8vo.,  London,  1826. 

Klaproth,  Martin  Henry,  "Analytical  Essays  towards  the  Pro- 
moting the  Knowledge  of  Mineral  Substances,"  8vo.  London,  1801. 

Lagrange,  J.  B.  Bouillon,  "Manual  of  a  Course  of  Chemistry," 
Vol.  II,  8vo.,  London,  1800. 

"  Metals,  Mines,  and  Minerals — A  Collection  of  scarce  and  valuable 
Treatises  upon."      In  four  Parts,  12mo.,  London,  1738. 

Webster,  John,  "  Metallographa ;  or,  an  History  of  Metals,"  8vo., 
London,  1671. 

Packe,  Chr.,  "  153  Chemical  Aphorisms,"  32mo.,  London,  1688. 

Sandivogius,  Michael,  "A  New  Light  of  Alchemy  taken  out 
of  the  Fountain  of  Nature  and  Manual  of  Experience,"  to  which  is 
added.  "  A  Treatise  on  Salphur,"  "  Nine  Books  on  the  Nature  of 
Things,"  also,  "  A  Chemical  Dictionary,  explaining  hard  places  and 
words  met  withal  in  the  writings  of  Paracelsus,  and  other  obscure 
authors." 

Valentine,  Basil,  "Chariot  of  Antimony,"  with  Annotations  of 
Theodore  Kirkringius,  M.D.,  12mo.,  London,1678. 

From  Henry  James  Brooke,  Esq.,  of  Clapham  Rise. 

A  communication  was  made  : 

"  On  Deposits  of  Soluble  or  Gelatinous  Silica  in  the  Lower  Beds  of 
the  Chalk  Formation:"  by  John  Thomas  Way. 
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May  16,   1853. 
Professor  Graham,  Vice-President,  in  the  Chair. 

The  following  donations  were  announced  : 

"The  Quarterly  Journal  of  the  Geological  Society."  from  the 
Geological  Society, 

"  The  Literary  Gazette,"  3  numbers :  from  the  Publishers. 

"  The  Journal  of  the  Society  of  Arts/'  2  numbers :  from  the 
Society  of  Arts. 

The  following  papers  were  read  : 

1.  "On  a  Compound  Sulphate  of  Potash  and  Soda:"  by  J.  H. 
Gladstone,  Ph.D. 

2.  "Note  on  Thierschite  :"  by  J.  Liebig. 

3.  "On  Kyanurenic  Acid:"  by  J.  Liebig. 


June  6,   1853. 
Professor  Graham,  Vice-President,  in  the  Chair. 

The  following  donations  were  announced  : 

"  Bulletin  de  la  Classe  Physico-mathematique  de  1' Academic  Im- 
periale  des  Sciences  de  St.  Petersbourg,"  Tom.  IX  and  X  :  from  the 
Academy. 

"The  American  Journal  of  Science  and  Arts,"  for  May,  1853: 
from  the  Editors. 

"  On  the  Relations  between  the  Atomic  Weights  of  Analogous 
Elements :"  by  G.  IL  Gladstone,  Ph.D.  :  from  the  Author. 

"  Literary  Gazette,"  3  numbers  :  from  the  Publishers. 

The  following  papers  were  read  : 

1.  "Analysis  of  the  Waters  from  the  Deep  Well  of  the  West- 
bourne  Water- works  at  Wcstbourne  Grove,  of  the  Well  in  Russell 
Square,  and  the  Artesian  Well  at  the  Ilanwell  Asylum  :"  by 
Charles  Uarwood  Clarke,  M.A.,  F.S.A.,  and  Henry  Medlock, 
P.C.S. 

VOL,    VT. NO.    XX  tl.  L 
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2.  "On  the  Increase  in  Weight  of  Molasses  Casks,  occasionally 
arising  from  Absorption  :"  by  William  Ferguson. 

3.  "On  some  New  Basic  Products  obtained  by  the  decomposition 
of  Vegetable  Alkaloids  :"  by  Henry  How. 


June  20,   1853. 

Colonel  Philip  Yorke,  President,  in  the  Chair. 

Andrew  Tomlin,  Esq.,  of  Valparaiso,  was  elected  a  Fellow  of 
this  Society. 

The  following  communications  were  made  : 

1.  "  On  the  Conditioning  of  Silk :"  by  P.  J.  Chabot,  M.A. 

2.  "  On  a  New  Method  of  Estimating  the  Strength  of  Chloride  of 
Lime:"  by  Dr.  Astley  P.  Price. 

3.  "On  a  Gas-furnace  for  Organic  Analysis:"  by  Dr.  Hofmann. 


ANNUAL   GENERAL   MEETING, 

MAECH  30,   1853. 

REPORT    OF   THE    COUNCIL. 

The  Council  in  presenting  the  following  returns  from  the  Secretaries 
and  Treasurer,  are  again  able  to  announce  that  the  state  of  the 
Chemical  Society  continues  satisfactory,  both  as  to  its  present  con- 
dition and  future  prospects. 


STATEMENT  OF  THE  NUMBER  OF  FELLOWS  OF  THE  CHEMICAL  SOCIETY 
AT  THE  PRESENT  TIME,  AND  AT  THE  CORRESPONDING  PERIOD  OF 
LAST    YEAR. 

Present  number  of  Fellows   .......     241 

Deaths,  resignations,  kc,  since  last  Anniversary  Meeting      20 
Elected  since  last  Anniversary  Meeting   .          .         .          .16 

Decrease  since  last  Anniversary  Meeting         ....         4 


Number  of  Fellows  at  period  of  last  Anniversary  Meeting         .     245 

In  reference  to  the  small  diminution  in  the  number  of  Fellows, 
it  is  right  to  mention  that  the  names  of  thirteen  Fellows,  who  had 
for  some  time  ceased  to  pay  their  subscriptions,  have,  since  the  last 
Report,  been  removed  by  the  Society  from  the  list,  in  compliance 
with  Bye-law  IV. 


FELLOWS    DECEASED. 


John  Sylvester,  Esq.,  96,  Great  Russell  Street. 
Thomas    Thomson,     M.D.,    F.R.S.    L.    and  E.,    F.G.S.,  &c., 
Glasgow. 
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LIST   OF   PAPERS    READ    AT    THE    CHEMICAL    SOCIETY    SINCE   THE  LAST 
ANNIVERSARY    MEETING. 

"  On  the  detection  and  qualitative  separation  of  Tin,  Antimony, 
and  Arsenic ;  and  on  the  relation  existing  between  these  metals  and 
others  which  are  precipitated  from  their  acid  solutions  by  Sulphu- 
retted Hydrogen/^     By  Charles  L.  Bloxam. 

"  Researches  on  the  Constitution  of  Organic  Acids."  By  M. 
Charles  Gerhardt. 

"Note  on  the  preparation  of  Carbonate  of  Amyl."  By  John  A. 
Bruce. 

"New  formation  of  Salicylic  Acid."     By  Dr.  Gerland. 

"  On  the  preparation  of  Anhydrous  Acetic  Acid."  By  M.  Charles 
Gerhardt. 

"Chemical  Memoranda."     By  Robert  Warington. 

"On  the  action  of  Ammonia  upon  Binoxysulphocarbonate  of 
Amyl."     By  Matthew  W.  Johnson. 

"  On  a  New  Process  for  the  detection  of  Fluorine  when  accom- 
panied with  Silica."     By  George  Wilson,  M.D. 

"  On  a  New  Test  for  Strychnia."     By  Mr.  J.  H.  Pepper. 

"  A  Note  on  the  existence  of  Strontia  in  the  Well-waters  of 
Bristol."     By  Messrs.  William  and  Thornton  J.  Herapath. 

"  On  a  new  method  for  the  Analysis  of  Chrome  Ores,  and  on 
Commercial  Chlorochromate  of  Soda."     By  F.  Grace  Calvert. 

"On  certain  Isomeric  Transformations  of  Fats."  By  Patrick 
Duffy. 

"  On  the  qualitative  separation  of  Arsenic,  Tin,  and  Antimony." 
By  Geo.  F.  Ansell. 

"  Observations  upon  a  new  series  of  Double  Chlorides  containing 
Diplatosammonium."     By  G.  B.  Buckton. 

"On  the  action  of  Iodine  on  Phosphorus."     By  B.  C.  Brodie. 

"On  the  Acid  Oxalates  of  the  Earths."     By  Edward  Clapton. 

"Researches  on  the  Anhydrous  Organic  Acids."  By  Charles 
Gerhardt. 

"  On  the  valuation  of  Indigo."     By  Dr.  Frederick  Penny. 

"Note  on  the  Presence  of  Alumina  in  the  Urine."  By  Lionel 
S.  Bealc. 

"  On  the  reaction  of  Glycocoll  with  Potash."  By  Professor 
llorsford. 
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"Oil  the  constitution  of  Stearine."     By  Patrick  Duffy. 

"On  the  Compounds  of  several  essential  Oils  with  the  Alkaline 
Hisulphitcs.     By  C.  Bertagnini. 

"  On  some  New  Compounds  of  Tellur-ethyl/^  By  Professor 
Wohler. 

"Analytical  Notes."     By  A.  B.  Northcote  and  A.  H.  Church. 

"  On  the  Law  of  Electrolysis."     By  Professor  H.  Buff. 

"  On  the  mode  of  estimating  the  value  of  Red  Prussiate  of  Potass, 
and  of  testing  the  strength  of  Bleaching  Liquors."  By  Francis 
Lieshing. 


ANNIVERSARY    ADDRESS    OF   THE    PRESIDENT. 
CHARLES  DAUBENY,  M.D.,  FR.S.,  &c. 

Gentlemen, 

At  our  last  Anniversary  Meeting,  I  took  occasion  to^'descant  upou 
the  advantages  that  might  accrue  to  science  from  the  juxta-position 
of  the  different  chartered  Societies  devoted  to  this  object,  in  some 
convenient  and  central  locality. 

You  may  recollect  my  having  then  stated,  "  that  I  for  one  should 
heartily  hail  the  day,  which  might  witness  the^assemblage  of  all  the 
principal  Bodies  dedicated  in  this  place  to  the  study  of  Nature  under 
one  and  the  same  roof,  pursuing  their  separate  labours  indeed 
independently,  but  at  the  same  time  deriving  mutual  support  and 
assistance  from  their  contiguity;  exercising  over  each  other  no  para- 
mount jurisdiction,  but  moving  onwards  in  harmony  and  concert,  as 
became  the  federal  members  of  the  great  Republic  of  Science." 

My  opinions  with  regard  to  the  desirableness  of  such  an  arrange- 
ment have  since  that  period  by  no  means  undergone  a  change ;  nor 
am  I  aware  that,  in  expressing  the  above  sentiments  on  the  occasion 
referred  to,  I  said  anything  in  which  the  great  body  of  the  Society 
over  which  I  presided  would  not,  at  the  time,  have  heartily  con- 
curred. Nevertheless,  since  we  last  met,  circumstances  have  trans- 
pired with  respect  to  the  views  of  Government,  in  relation  to  the 
mode  of  carrying  out  the  object  alluded  to,  to  which  I  confess  myself 
as  little  able  to  assent,  as  any  other  of  our  Members  can  be. 

It    appeared    from    certain    remarks   which    fell    from    the    late 
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Chancellor  of  the  Exchequer,  in  a  speech  delivered  by  him  in  the 
course  of  the  preceding  session,  that  it  was  then  in  the  contemplation 
of  Government  to  purchase  a  piece  of  land  at  Kensington  Gore, 
partly  under  the  expectation,  that  the  chartered  Scientific  Societies  of 
the  Metropolis  would  accept  as  a  boon  the  offer  of  any  suitable  suite 
of  apartments  which  might  be  there  erected  at  the  public  expense,  as 
being  a  mode  of  realising  a  project,  in  which,  it  was  presumed,  that 
they  all  entertained  a  common  interest. 

Now,  as  a  general  repugnance  was  felt  throughout  the  Societies 
referred  to,  to  a  removal  to  so  distant  a  locality,  it  seemed  necessary, 
that  whilst  we  expressed,  as  in  duty  bound,  our  acknowledgments  for 
the  liberal  disposition  towards  Science  evinced  by  her  Majesty's 
Government,  we  should  at  the  same  time,  one  and  all,  in  order 
to  prevent  misapprehension,  intimate  our  dissent  to  the  particular 
scheme,  by  which  our  interests  were  thought  to  be  consulted.  And 
with  regard  to  this  Society  in  particular,  I  am  persuaded,  that  the 
difficulty  which  most  of  our  Members  would  find  in  resorting  to  so 
remote  a  part  of  the  suburbs,  for  the  purpose  of  attending  our 
Meetings,  would  greatly  counterbalance  any  advantage  that  might 
accrue  from  the  gratuitous  supply  of  apartments,  even  if  by  so  doing 
we  could  hope  to  bring  about  that  general  juxta-position  of  scientific 
bodies,  which  we  are  all  agreed  to  consider  as  desirable. 

But  it  could  not  be  forgotten,  that  three  at  least  of  the  Societies 
included  in  this  proposed  arrangement  are  already  provided  with 
gratuitous  accommodations  in  a  central  part  of  London,  and  are 
therefore  less  likely,  even  than  ourselves,  to  consent  to  a  removal  to 
a  more  distant  locality. 

Without,  therefore,  presuming  to  anticipate  what  may  be  deemed 
convenient  or  advantageous  hereafter,  when  perhaps  the  tide  of 
population  may  roll  westward,  and  the  facilities  of  communication 
between  distant  parts  of  the  metropolis  may  be  increased,  the 
Council  deemed  that  they  were  not  stepping  beyond  their  proper 
functions,  in  protesting  at  tlie  present  time  against  the  contemj)latcd 
removal ;  and  with  this  intent,  directed  me,  as  their  President,  to 
state  to  the  lloyal  Society,  in  reply  to  a  minute  of  the  Council  of 
that  ]3ody,  having  reference  to  this  pro]>osition,  ''  that  whilst  they  are 
ready  to  aid  in  promoting  a  practicable  scheme,  for  the  juxta-position 
of  the  said  Scientific  Societies,  they  are  decidedly  of  opinion,  that 
a  removal  of  their  library  and  place  of  meeting  to  Kensington  would 
be  seriously  detrimental  to  the  interests  of  tlic  Chemical  Society." 

Tt  will  give  me  sincere  pleasure  to  find,  cither  that  this  or  some 
future  Government  may  be  sufficiently  alive  to   the  importance  of 
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Physical  Science,  and  sensible  of  the  disadvantages  under  which  it 
struggles  in  this  country  through  the  dispersed  state  of  the  Societies 
formed  for  its  cultivation,  to  provide  us  all  with  some  central  and 
convenient  establishment,  where  we  can  pursue  our  labours  in 
common ;  but  until  this  day  arrives,  let  us  be  encouraged  by 
recollecting  what  our  predecessors  in  the  same  field  have  accomplished 
without  such  extraneous  aid,  and  what  it  may  be  possible,  there- 
fore, for  us  also  to  achieve  by  our  own  unassisted  efforts. 

Of  this,  indeed,  the  illustrious  chemist  who  has  been  lost  to  us 
since  our  last  Anniversary — I  mean  Dr.  Thomas  Thomson  of  Glas- 
gow— affords  us,  as  I  conceive,  one  of  the  most  instructive  examples. 

lu  early  youth,  not  only  without  any  of  those  appliances  which 
some  chemists,  at  least  in  foreign  lands,  have  derived  from  their 
respective  governments,  but  even  without  any  further  scientific 
training  than  what  he  could  obtain  from  the  public  courses  of 
lectures  delivered  at  Edinburgh  ;  in  spite,  too,  of  restricted  means,  and 
the  absence  of  private  patronage,  he  gradually  raised  for  himself 
a  reputation  for  extensive  knowledge,  which  placed  him  in  the  first 
rank  amongst  the  cultivators  of  his  own  particular  Science.  Indeed 
if  amongst  the  chemists  of  the  last  generation.  Dr.  Dalton  stood 
pre-eminent  for  the  comprehensiveness  of  his  generalisations,  and  Sir 
Humphry  Davy  for  the  brilliancy  of  his  discoveries,  Dr.  Thomson 
may  be  regarded  as  holding  the  foremost  place  for  his  acquaintance 
with  the  facts  of  the  Science,  his  careful  digest  of  all  that  was  then 
known  in  its  several  branches,  and  his  impartiality  in  assigning  to 
each  contributor  his  appropriate  share  of  merit. 

At  a  time  when  no  Treatise  on  Chemistry  worthy  of  the  name 
existed  in  Great  Britain — when  the  greater  part  of  what  had  been 
known  in  this  country  was  obtained  through  the  medium  of  trans- 
lations from  foreign  languages,  and  when  the  facts  recorded  were  put 
before  us,  often  without  much  attempt  at  method  or  logical  pre- 
cision— Dr.  Thomson  surprised  the  world  at  an  early  age,  by  the 
publication  of  a  System,  in  which  the  substances  that  came  under  his 
review  were  classified  and  arranged  in  such  a  manner,  as  to  denote 
their  mutual  relations,  and  to  exhibit  the  due  subordination  of  their 
properties  one  to  the  other. 

It  may  be  doubted  indeed,  whether  for  the  purposes  of  study,  the 
analytical  method  of  imparting  knowledge,  which  he  preferred 
adopting,  is  the  one  most  advisable;  it  would  rather  seem,  that 
instead  of  following,  as  he  has  done  in  his  Treatise,  the  order  of 
discovery,  it  might  be  better  to  commence  with  a  statement  of  the 
general  principles  of  the  Science,  and  afterwards  to  enter  in  detail 
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upon  the  properties  of  the  individual  substances,  whose  phenomena 
have  guided  our  predecessors  to  the  general  laws  appHcable  to 
them  all. 

But  admitting  this  as  a  defect  in  Dr.  Thomson's  arrangement, 
the  clear  and  exact  manner  in  which  he  reduced  to  order  the  facts 
scattered  at  the  time  he  wrote  over  a  thousand  diflferent  publications, 
demands  from  us  our  warmest  acknowledgments. 

It  may  be  difficult,  indeed,  to  say,  whether  Dal  ton  would  have 
been  able  to  estabhsh  the  existence  of  those  definite  combinations 
between  bodies  upon  which  his  Atomic  Theory  was  mainly  built,  but 
for  the  laborious  and  accurate  statements  which  Dr.  Thomson  had 
brought  together  in  his  Treatise,  with  respect  to  the  composition 
of  various  salts.  Nor  ought  it  to  be  forgotten,  that  at  the  early 
period,  when  Wollaston  received  with  hesitation,  and  Davy  with 
ridicule,  the  theory  which  the  penetration  of  Dr.  Dalton  had  first 
pointed  out,  Thomson  stood  forward  as  its  warmest  advocate,  and 
supported  it  with  some  of  the  most  convincing  of  its  proofs. 

Nor  were  his  services  in  diffusing  knowledge  confined  to  the 
accurate  record  of  facts  contained  in  his  System  of  Chemistry. 
For  nine  years — namely  from  1813  to  1822 — he  conducted  the 
"  Annals  of  Philosophy,"  a  Periodical  in  which  he  did  not  content 
himself  with  a  mere  publication  of  Essays  on  scientific  subjects, 
communicated  to  him  by  others,  or  to  a  bare  report  of  any  new 
discoveries  made  in  this  or  in  other  countries,  but  also  introduced 
each  year  a  Digest  of  the  progress  of  Science  in  its  various  depart- 
ments, in  which  the  merits  of  each  contributor  were  discussed  with 
freedom,  but  always  with  perfect  frankness,  and  with  an  entire 
absence  of  prejudice  and  party  feeling. 

In  this  undertaking,  no  less  than  in  the  first  introduction  of  that 
system  of  symbolic  writing  which  is  now  in  common  use  amongst 
chemists.  Dr.  Thomson  may  be  said  to  have  pointed  out  two  most 
efficient  instruments  for  the  advancement  of  his  favourite  Science. 

The  former  proved  the  prelude  to  those  com])rchensive  Reviews 
of  the  annual  progress  of  Chemistry,  which  were  for  many  years 
given  to  the  world  by  Berzelius;  the  latter,  after  having  been 
extended  and  improved  by  the  distinguished  Swede,  found  at  length 
a  general  reception  in  the  country  in  which  it  originated. 

At  a  later  period  of  his  life,  he  published  his  "  Attempt  to  establish 
the  first  Principles  of  Chemistry  by  Experiment,"  a  work  which 
was  censured  by  Berzelius,  with  a  severity  stimulated,  no  doubt,  by 
tiic  op))osition  between  the  results  therein  arrived  at,  and  his  own ; 
althougb  there    may    be   some  ground   for   alleging,  that  our  con- 
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fidence  in  his  accuracy  is  impaired  by  doubts  as  to  the  correctness  of 
the  data  upon  which  he  proceeded. 

The  work,  however,  must  be  allowed  by  all  unprejudiced  persons 
to  exhibit  marks  of  the  most  persevering  industry,  and  to  supply  us 
with  much  valuable  information. 

For  a  candid  review  of  its  merits,  I  may  refer  you  to  Mr.  Crumbs 
excellent  Sketch  of  the  Life  and  Labours  of  Dr.  Thomson,  in 
which  the  author,  without  disguising  the  defects  imputed  to  the 
treatise  in  question,  or  seeking  to  extenuate  unduly  certain  errors 
which  attach  to  the  principle  upon  which  the  calculations  in  it  are 
founded,  successfully  vindicates  his  former  master  from  the  charge 
of  dishonesty,  or  at  least  of  wilful  carelessness  in  the  conduct  of  his 
experiments,  which  had  been  most  unfairly  brought  against  him. 

Whilst,  however,  I  willingly  leave  this  part  of  the  subject  in  abler 
hands  than  my  own,  I  cannot  refrain  from  adding,  that  his  adoption, 
in  the  work  in  question,  of  Dr.  Prout^s  ingenious  suggestion,  that  all 
other  bodies  were  multiples  of  hydrogen,  seems  at  length,  notwith- 
standing the  adverse  verdict  of  the  great  Swedish  chemist  alluded  to, 
and  of  others  respecting  it,  borne  out  with  regard  to  oxygen,  carbon^ 
azote,  and  calcium,  by  the  elaborate  researches  of  Dumas  and 
Marignac,  whilst  other  experimentalists  appear  to  have  since  suc- 
cessfully reduced  sulphur,  zinc,  silver,  mercury,  and  iron  to  the  same 
standard. 

And  when  we  recollect,  on  the  one  hand,  how  numerous  are  the 
sources  of  error  which  may  creep  into  the  best  devised  series  of 
experiments,  and,  on  the  other,  how  infinite  are  the  chances  against 
our  arriving,  by  any  erroneous  and  therefore  fortuitous  results,  at 
numbers  which  turn  out  to  be  exact  multiples  of  the  atomic  weight 
of  hydrogen,  the  argument  in  favour  of  Front's  doctrine,  founded 
upon  the  coincidence  of  the  figures  in  the  cases  above  cited,  seems 
greatly  to  exceed  in  strength  that  which  can  be  alleged  against  it, 
from  the  non-accordance  between  experiment  and  calculation  in  the 
instance  of  a  few  other  elementary  bodies. 

As  an  Historian  of  Science  also,  Dr.  Thomson's  merits  were  of 
a  high  order,  from  his  candour,  frankness  in  expressing  his  opinion, 
and  diligence  in  ascertaining  facts ;  indeed,  his  biographical  notices 
supply  us  with  some  of  the  most  valuable  records  we  possess,  wdth 
respect  to  the  lives  and  characters  of  Chemists  in  this  and  the  last 
century. 

As  Professor  of  Chemistry  at  Glasgow,  an  appointment  which  he 
held  from  the  year  1818  till  the  period  of  his  death  in  the  summer  of 
last  year.  Dr.  Thomson  had  the  satisfaction  of  training  manv  who 
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have  (lone  honour  to  the  school  which  he  instituted,  either  by  their 
scientific,  or  their  practical  contributions  to  Chemistry.  Need  I 
mention  the  names  of  Graham,  of  Walter  Crum,  Hugh  Col- 
quhoun,  Alexander  Harvey,  Johnston  of  Durham,  of  Clark, 
and  of  Stenhouse,  as  exemplifications  of  this  fact;  or  remind  you 
that  my  only  motive  for  passing  so  lightly  over  this  portion  of  Dr. 
Thomson's  services  is  the  fear  of  offending  the  modesty  of  some  of 
his  surviving  pupils  who  may  chance  to  be  present  ? 

I  cannot,  however,  terminate  these  remarks,  without  observing, 
that  the  career  of  Dr.  Thomson  affords  to  the  young  chemist  a 
cheering  proof  of  the  advances  that  may  be  made  in  Science,  even 
under  great  original  disadvantages,  by  an  understanding,  solid  rather 
than  brilliant,  and  marked  more  by  sagacity  and  common  sense  than 
by  genius  and  originality  ;  provided  only  these  powers  of  mind  are,  as 
his  were,  concentrated  through  life  upon  certain  special  objects,  and 
are  stimulated  into  exertion  by  no  more  selfish  and  ignoble  principle 
than  the  pure  love  of  scientific  truth. 

We  have  also  lost  since  our  last  Anniversaiy,  Mr.  John  Sylvester, 
a  gentleman  eminent  for  his  successful  applications  of  the  Science  of 
Engineering  to  domestic  purposes.  He  was  the  son  of  Mr.  Charles 
Sylvester,  the  well-known  author  of  the  "Philosophy  of  Domestic 
Economy,"  the  principles  of  which  he  applied  with  so  much  sagacity 
in  the  case  of  the  Derby  Infirmary,  as  thereby  to  establish  his  repu- 
tation as  a  civil  engineer.  It  was  no  doubt  in  great  measure  to  the 
attentive  study  of  his  father's  theory  and  practice,  that  we  may 
attribute  the  expertness  which  our  late  Fellow  displayed  in  the 
execution  of  large  works  for  warming  and  ventilating  buildings,  as 
well  as  the  success  which  attended  some  of  his  inventions,  as  in  the 
case  of  the  Radiating  Stove  Grate,  now  in  such  general  use. 

Mr.  Sylvester  was  particularly  happy  in  his  contrivances  for 
warming  the  Arctic  Discovery  ships,  sent  out  under  Captains  Parry, 
lloss,  and  others;  and  it  is  said  that  the  Ridge  and  Furrow  Roof,  so 
successfully  applied  by  Sir  Joseph  Paxton  to  the  Crystal  Palace,  had 
been  previously  adopted  by  Mr.  Sylvester  in  the  forcing  houses 
he  constructed  for  Mr.  Strutt  of  Derby,  in  the  year  1814.  He  was 
also  an  accomplished  amateur-draughtsman,  and  was  nmch  regretted 
by  his  personal  friends  for  his  many  amiable  qualities. 

His  decease  in  the  August  of  last  year  was  occasioned  by  an 
obscure  complaint,  from  which  he  had  for  a  considerable  time  becu 
a  sufi'erer. 
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In  vacating  the  Chair,  which  I  have  had  the  honour  to  occupy 
during  the  last  two  years,  I  am  happy  to  think  I  am  leaving  the 
Society  in  a  satisfactory  state,  both  as  regards  its  present  condition 
and  its  future  prospects. 

We  have,  indeed,  at  two  or  three  of  our  Meetings  been  left  without 
a  supply  of  matter,  an  accident  more  likely  to  occur  in  a  Chemical 
Society  than  in  one  of  a  more  miscellaneous  and  discursive  character; 
and,  indeed,  when  we  reflect  how  many  bodies,  medical,  pharmaceu- 
tical, and  agricultural,  divide  with  us  the  fruits  of  the  labours  which 
are  carried  on  by  chemists,  not  to  speak  of  the  number  of  chemical 
papers,  which,  as  I  remarked  in  my  last  Address,  are  communicated 
by  us  to  the  Royal  Society,  and  appear  in  its  Transactions,  we  need 
not  be  surprised  if  the  supply  of  matter  has  not  always  kept  pace 
with  the  activity  of  our  Members,  or  with  the  interest  which  the 
Science  is  exciting  in  the  mind  of  the  public. 

The  flow  of  original  communications  has  indeed  of  late  been 
somewhat  of  an  intermittent  character,  sometimes  copious,  sometimes 
deficient;  but  it  is  but  fair  to  add,  that  whenever  a  void  has 
occurred  at  our  Meetings,  it  has  been  so  well  filled  up  by  discussions 
of  a  general  scientific  interest,  as  to  leave  to  those  who  attended 
little  reason  to  regret  that  no  new  series  of  researches  had  been 
submitted  to  them  on  those  occasions. 

Our  Members,  however,  ought  not  to  forget,  that  this  Society  has 
the  first  claim  to  the  services  and  contributions  of  those  enrolled  in 
it ;  and  that,  even  if  the  researches  they  are  carrying  on  seem  of  that 
practical  or  technical  character  as  to  demand,  in  the  first  instance, 
a  diflerent  destination,  it  may  be  for  the  mutual  advantage  of  them- 
selves and  of  the  Society  that  they  should  be  subsequently  submitted 
to  us,  as  the  merits  of  the  scientific  principles  they  involve  are 
nowhere  likely  to  be  so  satisfactorily  or  so  fully  canvassed  as  at  the 
Meetings  held  in  this  room. 

It  is,  moreover,  a  subject  of  regret  to  me,  that  nothing  should 
have  been  done  during  my  Presidentship,  either  by  myself  or  others, 
towards  simplifying  and  methodising  the  existing  nomenclature  of 
organic  substances,  which  at  the  present  time  seems  to  proceed  upon 
no  fixed  basis,  or,  at  least,  is  guided  by  such  rules  only  as  may  exist 
floating  in  the  minds  of  the  leading  chemists  who  have  most 
advanced  this  part  of  their  Science,  and  which  have  never  yet  been 
distinctly  enunciated.  In  a  communication  made  to  the  chemical 
lecturer  of  the  British  Association  at  Ipswich,  two  years  ago,  I  took 
occasion  to  point  out  what  those  rules  apparently  were,  so  far  as 
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could  be  gathered  from  the  practice  of  the  individuals  alluded  to; 
and  by  so  doing,  may  perhaps  flatter  myself  with  having  contributed 
somewhat,  towards  promoting  that  uniformity  and  consistency  in  the 
use  of  the  terms  selected  for  designating  newly-discovered  compounds, 
which  is  in  many  respects  so  desirable. 

But  the  larger  and  more  ambitious  scheme  which  I  had  once 
contemplated — that  of  enlisting  the  leading  chemists  of  the  countiy, 
and  of  this  Society  in  particular,  in  the  attempt  to  frame  a  general 
system  of  nomenclature,  which  might  embrace  the  whole  of  Organic 
Chemistry — I  have  been  induced  to  postpone,  from  considering  the 
unsettled  state  of  certain  fundamental  questions,  upon  which  so 
much  of  the  terminology  as  well  as  of  the  notation  of  organic  bodies 
is  necessarily  dependant. 

The  Society  is  watching  with  interest  the  development  of  those 
views,  which  have  more  than  once  been  brought  before  our  notice, 
"  On  the  condition  of  Elements  at  the  moment  of  Chemical  Change," 
views,  which,  if  adopted,  would  tend  to  modify  many  of  our  ideas 
with  respect  to  chemical  or  electric  affinity ;  tending,  as  they  do,  to 
the  conclusion,  that  the  particles  of  an  elementary  body  are  held 
together,  not  by  that  force  which  we  term  cohesive  attraction,  but  by 
a  kind  of  chemical  affinity  brought  about  in  them,  as  it  is  in  the 
case  of  compound  bodies,  by  cei'tain  differences  in  the  electrical  con- 
dition subsisting  between  their  particles. 

The  ingenious  speculations  also  of  another  of  our  colleagues,  by 
the  aid  of  which  he  explains  in  so  novel  a  manner  the  theory  of  etheri- 
fication,  appear  to  be  based  upon  a  similar  principle,  inasmuch  as, 
instead  of  that  fixity  which  was  supposed  to  be  involved  in  the  very 
idea  of  a  stable  and  definite  compound,  they  assume  a  constant  move- 
ment amongst  its  particles,  arising,  as  it  should  seem,  from  some 
difference  in  their  electrical  condition. 

To  such  a  view,  indeed,  I  am  myself  the  more  reconciled,  as  it 
is  quite  in  harmony  with  the  speculations  which  I  ventured  to 
indulge  in  at  the  time  of  the  publication  of  the  last  edition  of  my 
Atomic  Theory.'^ 

I  then  remarked,  that  "  if  the  particles,  into  which  heat  is  capable 
of  resolving  matter,  when  it  assumes  the  gaseous  condition,  be  them- 
selves divisible  into  still  minuter  ones  under  the  influence  of  chemical 
fiffinity ;  and  if  even  the  latter,  perhaps,  arc  composed  of  grou])s  of 
atoms,  rather  than  of  single  ones,  it  is  conceivable  that  every  one  of 
these  groups,  within  its  own  little  world,  should  admit  of  such  an 

*  Introduction  to  tlic  Atomic  Theory,  p.  278. 
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alteration  in  the  position  of  its  respective  particles,  as  may  serve  to 
affect  the  properties  it  possesses,  and  consequently  its  relations  to 
other  bodies  ;  although  no  one  of  these  particles  can  separate  itself 
from  the  group,  of  which  it  constitutes  a  part." 

This  intestine  movement  amongst  the  particles  of  a  solid  body 
seems  likewise  confirmed  by  the  phenomenon  of  allolropism,  and 
by  the  change  of  form,  colour,  &c.,  which  occurs  in  many  bodies 
after  crystallization;  whilst  on  a  larger  scale,  the  same  is  attested 
by  many  circumstances  remarked  by  geologists  with  regard  to  the 
formation  of  mineral  veins ;  the  segregation  of  certain  substances 
from  the  general  mass  of  the  containing  rock ;  and  other  molecular 
changes  which  appear  to  be  taking  place  within  the  bowels  of  the  earth. 

And  since  this  mobility  of  particles  is  extended  even  to  those  which 
constitute  the  mass  of  a  solid  body,  tbe  theories  of  chemists  in  this 
respect  seem  tending  to  the  same  point  as  those  of  geologists,  inas- 
much as  the  former  suppose  a  continual  oscillation  in  the  molecules 
of  a  body,  owing  to  the  interchange  which  is  taking  place  between 
them ;  whilst  the  cosmogonists  of  the  present  day  maintain  the  same 
with  respect  to  the  solid  fabric  of  the  globe,  which  their  predecessors 
figured  to  themselves  as  the  very  emblem  of  stability. 

The  theory,  however,  which  in  the  case  before  us  is  built  upon 
this  postulate,  requires  for  its  adoption  such  a  revulsion  in  our  ideas 
with  respect  to  the  relations  between  ether  and  alcohol,  as  would  in- 
volve in  the  end  a  new  nomenclature,  as  well  as  a  fresh  method  of 
notation.  We  should  be  called  upon  to  alter  the  atomic  weights  of 
all  the  other  elements,  by  doubling  the  number  of  atoms  of  hydrogen 
assumed  to  be  present  in  water;  and  instead  of  regarding  ether 
simply  as  the  oxide  of  an  hydrocarbon,  and  alcohol  as  its  hydrate,  we 
should  have  to  figure  to  ourselves  the  former  as  produced  from  water, 
by  the  replacement  of  one  of  its  hydrogen  atoms,  and  alcohol  by  that 
of  both. 

Such  a  view  of  the  composition  of  these  and  other  allied  bodies 
has,  indeed,  much  to  recommend  it,  and  deserves,  in  my  humble 
opinion,  the  attentive  consideration  of  chemists ;  but  it  is  one  thing 
to  receive  a  new  theory  with  favour,  and  to  entertain  it  with  atten- 
tion ;  and  another  to  admit  it  so  entirely  into  the  category  of  estab- 
lished truths,  as  to  mould  all  our  other  views  in  accordance  with  its 
principles. 

In  framing  a  system  of  chemical  nomenclature,  therefore,  at  the 
present  moment,  we  should  neither  be  justified  in  ignoi'ing  the  ex- 
istence of  theories  which  have  already  taken  a  certain  hold  upon  the 
minds  of  eminent  chemists,  both  in  this  and  in  other  countries ;  nor 
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could  we  venture  to  propose  them  as  the  basis  of  our  scheme,  whilst 
still  under  discussion,  and  perhaps  but  imperfectly  developed  as  yet 
even  in  the  minds  of  the  individuals  who  have  promulgated  them. 

To  discuss  however,  as  they  deserve,  these  and  other  theoretical 
views,  which  occupy  so  prominent  a  place  in  the  Journal  of  our 
Society,  would  be  impossible,  without  transgressing  the  limits  which 
custom  has  hitherto  assigned  to  your  President's  Anniversary  Ad- 
dresses. 

Here,  therefore,  I  might  be  inclined  to  pause  :  but  lest  it  should  be 
imagined  that  our  Members  are  exclusively  absorbed  in  the  specula- 
tive departments  of  Chemistry,  to  the  neglect  of  the  practical,  I  will 
briefly  allude  to  the  important  services  rendered  to  the  cause  of  agri- 
culture by  Professor  Way,  in  the  course  of  the  various  researches  he 
has  been  carrying  on  in  behalf  of  the  Royal  Agricultural  Society ;  and 
especially  by  the  manner  in  which  he  has  elucidated  the  problem 
relating  to  the  absorbent  powder  possessed  by  different  soils  with 
reference  to  manures,  and  in  which  he  has  traced  to  its  principles  the 
property  which  belongs  to  Clay,  of  arresting  in  their  downward  pro- 
gress the  organic  matters  present  in  the  water  which  percolates  the 
earth,  and  even  of  separating  from  this  solvent  its  most  valuable 
saline  contents — namely,  the  ammoniacal  and  other  alkaline  consti- 
tuents with  which  it  may  be  impregnated.  And  this,  too,  he  has 
shown  to  be  done  by  means  of  a  double  decomposition  carried  on  in 
apparent  contravention  of  the  received  laws  of  elective  attraction. 
A  discovery  of  this  kind  is  not  less  important  from  its  practical  appli- 
cations,  than  it  is  interesting  in  its  bearings  on  the  general  principles 
of  the  Science ;  and  although  not  announced  in  the  pages  of  our 
Transactions,  deserves  to  be  mentioned  as  the  fruit  of  the  persevering 
researches  of  a  chemist,  who  is  enrolled  in  the  list  of  our  Fellows. 

Nor  will  it,  I  hope,  be  deemed  irrelevant  for  me  to  allude  to  the  im- 
portant application  of  Scientific  Chemistiy  to  the  solution  of  certain 
Geological  Problems,  which  has  been  carried  out  by  one  of  the  most 
distinguished  of  our  Foreign  Members. 

Those  who  have  taken  the  trouble  of  perusing  my  work  on  Vol- 
canos,  and  especially  the  second  edition  of  it,  published  in  1848, 
will  recollect,  that  in  bringing  forward  that  theory  which  may  be 
regarded  as  a  revival,  or  perhaps  a  development,  of  the  original 
hypothesis  of  Sir  Humphry  Davy,  my  professed  object  principally 
was  that  of  enlisting  the  services  of  chemists  in  an  attempt  to  elucidate 
a  series  of  phenomena,  which,  although  essentially  chemical,  had  been 
hitherto,  in  a  great  degree,  abandoned  to  geologists. 
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Indeed,  since  the  time  when  Gay-Lussac  published  his  "Remarks 
on  Vesuvius,"  and  that  at  which  Sir  Humphry  Davy  paid  a 
cursory  visit  to  the  same  spot,  no  chemist  of  European  reputation 
appears  to  have  made  voicanos  a  subject  of  study  ;  excepting  Abich, 
to  whom  we  owe  the  first  lucid  sketch  of  the  chemical  relations  which 
volcanic  and  plutonic  rocks  bear  to  each  other  ;  and  Professor 
Bis ch off  of  Bonn,  whose  researches  were,  however,  confined  to  ex- 
tinct voicanos,  such  as  those  of  the  Rhine  and  Eyfel. 

Hence  it  is  not  to  be  wondered  at,  that  the  subject  should  be 
treated  as  though  it  were  exclusively  a  mechanical  problem,  and 
theorised  upon  without  any  due  appreciation  of  the  interesting  chemi- 
cal phenomena  which  it  presents  to  our  notice. 

It  was  this  consideration  more  especially  which  led  me,  in  my 
work  on  Voicanos,  to  give  a  prominence  to  those  points  which  ap- 
peared to  have  been  unduly  neglected  by  others ;  and  to  advocate  with 
more  zeal  than  I  might  otherwise  perhaps  have  felt  inclined  to  do, 
a  theory,  which  necessarily  brought  before  us  the  nature  of  the  gaseous, 
saline,  and  crystalline  products,  which  proceed  from  the  internal  focus 
of  its  action. 

That  this  was  my  object,  will  appear  from  some  remarks  which  I 
made  fifteen  years  ago,  in  my  "  Report  on  Mineral  and  Thermal 
Waters,"  undertaken  at  the  request  of  the  British  Association  for  the 
Advancement  of  Science,  and  published  in  their  Transactions, 

"  We  ought,"  I  observed  "  carefully  to  distinguish  between  that 
which  appears  to  be  a  direct  inference  from  observed  fact,  and  what 
can  at  most  advance  no  higher  claim  than  that  of  being  a  plausible 
conjecture.  The  general  occurrence  of  voicanos  in  the  neighbour- 
hood of  the  sea,  and  the  constant  disengagement  of  aqueous  vapour, 
and  of  sea-salt  from  their  interior,  are  facts  that  establish  in  my 
mind  a  conviction  that  water  finds  its  way  to  the  seat  of  the  aqueous 
operations,  almost  as  complete,  as  if  I  were  myself  an  eye-witness  of 
another  Phlegethon,  discharging  itself  into  the  bowels  of  the  earth, 
in  every  volcanic  district,  as  in  the  solitary  case  of  Cephalonia." 

"  Nor  is  the  access  of  atmospheric  air  more  questionable  than  that 
of  water ;  so  that  the  appearance  of  hydrogen  united  with  sulphur, 
and  of  nitrogen  either  alone  or  combined  with  hydrogen  at  the 
mouth  of  the  volcano,  seems  a  direct  proof,  that  oxygen  has  been 
abstracted  by  some  process  or  other  from  both." 

"  Having  satisfied  our  minds  with  regard  to  the  fact  of  internal  oxida- 
tion, we  naturally  turn  to  consider  what  principles  can  have  existed 
in  the  interior  of  the  earth  capable  of  abstracting  oxygen  from  water, 
as  well  as  from  air ;  and  this  leads  us  to  speculate  on  the  basis  of 
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the  earths  and  alkalies,  as  having  been  instrumental  in  causing  it. 
But  in  ascribing  the  phenomena  to  the  oxidation  of  these  bodies, 
we  ought  not  to  lose  sight  of  the  Baconian  maxim,  that  in  every 
well-established  theory,  the  cause  assigned  should  be  not  only  com- 
petent to  explain  the  facts,  but  also  known  to  have  a  real  existence, 
which  latter  circumstance  cannot,  of  course,  be  affirmed  of  the  alkaline 
and  earthy  metalloids,  as  having  a  place  in  the  interior  of  the  earth." 

I  should  not  despair  of  being  able  to  show  that  such  an  hypothesis 
is  still  tenable ;  but  it  will  be  more  profitable  on  the  present  occa- 
sion, as  well  as,  I  doubt  not,  more  agreeable  to  my  heai-ers,  for  me  to 
point  out  the  substantial  additions  which  Professor  Bunsen  has  sup- 
plied to  our  knowledge  of  this  class  of  phenomena. 

He  has,  in  the  first  place,  proved  that  the  products  of  volcanic 
action — at  least  as  they  display  themselves  in  that  vast  focus  of 
internal  energy  which  we  observe  in  the  Island  of  Iceland — consist 
only  of  two  kinds  of  material :  either  a  trachytic  rock,  consisting  of 
a  trisilicate  of  alumina,  conjoined  with  a  similar  compound  of  silica 
with  an  alkali  or  alkaline  earth  ;  or  else  an  augite  rock,  in  which  1 
atom  only  of  silica  is  combined  with  2  atoms  either  of  alumina,  pro- 
toxide of  iron,  lime,  magnesia,  potass,  or  soda. 

Bunsen  has  given  a  formula,  by  which  the  proportion  between 
these  two  constituents,  in  any  given  rock,  may  be  readily  computed ; 
and  hence  concludes,  that  the  products  of  volcanic  action  in  Iceland 
ai'e  derived  from  two  independent /oci. 

But  the  most  interesting  part  of  his  researches  relates  to  the 
changes  which  have  been  wrought  upon  these  materials  by  causes  of 
subsequent  operation. 

Few  of  the  friends  I  see  around  me  on  the  present  occasion  are 
old  enough  to  have  witnessed  the  contests  which  for  many  years  were 
waged  with  so  much  fury  between  the  advocates  of  the  igneous  and 
aqueous  origin  of  basalt. 

In  this  controversy  much  stress,  I  recollect,  was  laid  by  the 
Werueriaus  on  the  characters  of  trap-tuff,  which,  it  was  contended, 
could  by  no  means  admit  of  being  referred  to  the  action  of  heat, 
whilst  its  passage  into  trap-rocks  rendered  it  difficult  to  ascribe  to 
the  one  an  origin  which  was  denied  to  the  dther. 

Now,  Professor  Bunsen  has,  in  the  first  place,  beautifully  shown 
that  the  species  of  tuff,  which  prevails  in  Iceland,  and  which  is  also 
abundant  in  Sicily,  as  is  implied  by  its  name  Palagonite,  derived 
from  the  village  of  Palagonia  at  the  base  of  Etna,  possesses  such 
a  chemical  composition  as  identifies  it  with  the  pyroxenic  rook  of  the 
neighbourhood. 
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He  has  also  succeeded  in  explaining  those  differences  in  structure 
and  in  appearance,  which,  in  spite  of  this  correspondence  in  tlie 
nature  of  its  constituents,  stamp  it  as  a  distinct  mineral ;  having 
ti-aced  such  alterations  to  the  operation,  not  indeed  of  water  alone, 
but  of  an  alkali,  or  an  alkaline  earth,  containing  just  so  much  water 
as  to  exist  in  the  condition  of  a  hydrate,  formed  in  either  case  by 
the  influence  of  a  temperature  equal  to  that  of  ignition. 

The  Professor  states,  that  he  has  actually  succeeded  in  converting 
basalt  into  palagonitic  tuff,  by  mixing  it  in  a  state  of  fine  powder  with 
13  times  its  weight  of  slaked  lime,  or  of  potass. 

Thus,  the  very  alkali,  which  may  have  been  sublimed  from  some 
internal  focus  of  igneous  action,  might,  if  water  were  also  present, 
have  been  instrumental  in  converting  an  ordinary  pyroxenic  rock  into 
palagonite  under  the  influence  of  heat. 

Another  difficulty  which  besets  the  Huttonian  theory,  arose  from 
the  existence  of  zeolites  in  the  midst  of  rocks  of  supposed  igneous 
formation ;  as  the  readiness  with  which  these  minerals  part  with  their 
water,  seemed  inconsistent  with  the  supposition  of  their  originating  at 
a  high  temperature. 

This  was  got  over  by  supposing  such  minerals  to  have  been  formed 
under  a  pressure  sufficient  to  prevent  the  water  from  escaping,  and 
hence  the  Vulcanists  were  in  some  cases  driven  to  assume  pressure, 
where  none  could  be  shown  to  have  existed. 

But  Bun  sen  has  reheved  them  from  this  embarrassment,  by 
demonstrating,  that  zeolites  may  be  generated,  by  fusing  lime  and 
silica  with  an  excess  of  caustic  potass,  without  any  pressure  at  all : 
and  that  by  this  method  crystals  may  be  produced  at  a  red  heat 
containing  w^ater,  of  which,  however,  the  greater  part  is  disengaged 
at  a  temperature  not  exceeding  228°,  when  the  substance  is  detached 
from  the  crucible  in  which  it  had  been  formed. 

Professor  Bun  sen  has  also,  by  a  series  of  decisive  experiments, 
removed  all  doubts  as  to  the  nature  of  the  aeriform  bodies  which  are 
disengaged  from  volcanos,  and  has  fully  substantiated,  what  my  own 
observations,  and  those  which  I  had  collected  from  various  other 
sources,  led  me  to  infer — namely,  that  inflammable  gases,  made  up, 
either  wholly,  or  in  part  of  hydrogen,  are  amongst  the  most  constant 
concomitants  of  volcanic  action  in  all  its  various  phases.  Nitrogen 
also,  often  unaccompanied  with  oxygen,  seems  to  be  as  common  in 
the  furaaroles  of  Iceland,  as  I  have  found  it  to  be  in  the  thermal 
springs  of  other  volcanic  regions. 

And  with  respect  to  the  origin  of  these  gases.  Bun  sen  most  satis- 
factorily refutes  the  idea  of  his  countryman  Bischoff,  who  refers 
them  to  the  spontaneous  decomposition,  or  dry  distillation  of  organic 
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mattersj  showing  that  when  this  process  takes  place,  nitrogen  is 
invariably  accompanied  with  marsh  gas  and  other  hydrocarbons  which 
are  never  present  in  volcanos. 

He  accordingly  expresses  his  decided  opinion,  that  the  objections 
which  have  been  supposed  to  be  fatal  to  the  old  volcanic  theory  of 
Davy,  entirely  lose  their  value  after  these  results.  "For  if,"  he 
remarks,  "  in  the  spirit  of  this  theory,  it  is  assumed,  that  the  lavas, 
and  the  phenomena  of  ignition  accompanying  them,  result  from  an 
oxidation  of  alkaline  and  earthy  metals,  determined  by  a  decompo- 
sition of  water,  it  admits  of  being  proved,  that  the  quantity  of 
the  hydrogen  evolved  from  volcanos,  bears  a  perfect  relation  to  the 
magnitude  of  the  streams  of  lava  formed." 

A  single  one  of  the  vapour  springs  of  Krisuvik  yields,  according 
to  Bunsen's  own  calculations,  about  12  cubic  metres  of  hydrogen 
in  24  hours. 

"  Assuming,  then,  that  the  remaining  innumerable  springs,  together 
with  the  large  fumaroles  occurring  there,  yield  together  a  quantity 
only  100  times  as  great — which  may  safely  be  regarded  as  far  less 
than  the  quantity  of  this  gas  which  is  actually  evolved — we  may, 
by  means  of  this  assumption  and  siinple  calculation,  show,  that  the 
formation  of  lava,  which  would  be  equivalent  to  such  an  evolution  of 
gas  within  the  period  which  elapses  between  two  great  eruptions,  is 
sufficient  to  produce  immense  streams  of  lava." 

"■  Nor  is  it  any  longer  possible  to  attach  importance  to  the  second 
of  the  principal  objections  which  have  been  made  to  Davy's  hypo- 
thesis— namely,  that  it  is  unusual  to  observe  any  sensible  appear- 
ance of  flames  during  great  volcanic  eruptions.  For  if,  from  the 
known  composition  of  the  first-mentioned  fumarole  gas,  we  estimate 
the  temperature  of  its  flame,  we  find  it  to  be  305'^-6  ;  consequently,  a 
temperature  which  is  far  below  the  point  of  ignition  of  hydrogen. 
These  gases  are,  therefore,  combustible  only  at  a  red  heat,  and  even 
under  the  most  favourable  circumstances  can  only  produce  by  such 
a  combustion  an  increase  of  temperature  amounting  to  305'^*6,  which 
in  a  red  heat  must  necessarily  escape  altogether  observation  by  the  eye." 

Satisfied  with  having  obtained  the  weighty  testimony  of  Professor 
Bunscn  in  favour  of  the  facts  which  I  had  alleged  in  confirmation 
of  the  theory  to  which  I  had  given  my  adhesion,  I  shall  the  less 
regard  the  opposition  that  exists  between  my  views  and  his  with 
respect  to  the  source  of  the  hydrogen  evolved. 

Professor  Bunscn  derives  this  gas  from  the  process  in  which 
pyroxenic  lava  is  converted  into  palagonite  through  the  agency  of  the 
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hydrates  of  tlic  alkalies  or  alkaline  earths,  assisted  by  a  high  tem- 
perature, during  which,  as  he  has  shown,  hydrogen  is  evolved ;  and 
he  even  shows  that  if  sulphur  in  vapour  be  brought  into  contact 
with  basalt  at  a  high  temperature,  and  afterwards  steam  be  passed 
over  the  rock  so  treated,  sulphurous  acid  is  disengaged  in  the  first 
instance  by  the  union  of  the  sulphur  with  the  oxygen  of  the 
peroxide  of  iron,  which  metal  forms,  with  another  portion  of  the 
same  body,  sulphuret  of  iron ;  and  that  sulphuretted  hydrogen  will 
be  emitted  in  the  second  instance,  owing  to  the  decomposition  of 
water,  and  the  union  of  its  hydrogen  with  the  sulphur  of  the  pyrites, 
whilst  its  oxygen  forms,  with  the  metallic  portion,  magnetic  oxide  of 
iron. 

Supposing  the  formation  of  palagonite  to  be  going  on  at  all  times 
when  sulphuretted  hydrogen  and  pure  hydrogen  can  be  shown  to  be 
concomitants  of  the  volcanic  action,  and  on  a  scale  commensurate  to 
the  amount  of  gas  generated,  the  explanation  of  Professor  Bunsen 
will  probably  be  accepted  by  chemists  in  general,  in  preference  to 
that  which  refers  it  to  the  decomposition  of  water  by  alkaline  and 
earthy  metalloids,  or  their  yet  unoxidized  sulphurets ;  but  I  cannot 
admit,  as  a  valid  objection  to  this  latter  hypothesis,  the  absence  of 
carbonic  oxide  from  volcanic  exhalations  of  which  carbonic  acid  con- 
stitutes so  large  a  proportion.  No  doubt  the  latter  would,  as 
Bunsen  remarks,  be  partially  converted  into  carbonic  oxide  by 
hydrogen  at  the  high  temperature  which  probably  exists  around  the 
focus  of  the  volcanic  action ;  but  I  have  always  been  accustomed  to 
refer  the  carbonic  acid  given  off  by  volcanos  to  the  diff'usion  of  heat 
over  contiguous  limestone  rocks,  and  not  to  processes  going  on  at 
the  point  where  the  temperature  was  most  intense. 

Nor  do  I  feel  quite  satisfied  with  the  explanation  offered  by  the 
Professor,  of  the  presence  of  sal-ammoniac  in  the  lava,  which  he 
refers  to  the  vegetable  matter  existing  in  meadow-land  overflowed 
by  the  molten  current.  If  such  were  the  origin  of  the  volatile 
alkali,  we  ought  not  to  find  it  exhaled  round  the  orifices  of  the 
crater,  or  from  any  of  the  fumaroles  proceeding  directly  from  the 
same  internal /ocms  of  action. 

It  is  not  my  purpose,  however,  especially  on  such  an  occasion  as 
the  present,  to  criticise  the  labours  of  this  eminent  chemist,  or  to 
dwell  upon  those  points  in  which  the  results  of  my  own  humbler 
inquiries  in  the  same  field  of  research  may  clash  with  his.  It  is 
sufficient  for  me  to  have  pointed  out  to  you  his  Memoirs  on  the  sub- 
ject of  the  Iceland  Volcanos,  as  an  important  present  rendered  by 
Chemistry  to  the  sister  Science  ot  Geology ;    and  as  a  service  too, 
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which  those  who  turn  away  with  indifFerence  from  researches  of  a 
more  refined  natm-e,  lying  strictly  within  the  domain  of  pure  che- 
mistry, would  be  likely  to  accept  as  an  undeniable  evidence  of  the 
extensive  utility  of  our  pursuits. 

It  is,  indeed,  a  fortunate  circumstance,  in  more  respects  than  one, 
when  such  happy  applications  of  chemical  principles  to  other  depart- 
ments of  natural  knowledge  are  carried  out  by  those  of  our  brethren, 
w'ho  had  before  established  their  reputation  amongst  ourselves,  by 
researches  which  chemists,  and  chemists  only,  are  capable  of  appre- 
ciating. 

No  geologist,  at  least,  can  feel,  that  he  has  a  right  to  impugn  as 
visionary,  conclusions,  which  have  been  deduced  by  a  philosopher,  who 
had  before  attained  the  first  rank  amongst  experimentalists,  by  his 
profound  and  intricate  investigations  into  the  members  of  the 
Cacodyle  series;  just  as  for  the  same  reason  no  candid  mind  can 
fail  to  pay  deference  to  the  suggestions  of  another  of  our  foreign 
associates,  on  questions  relating  to  physiology,  agriculture,  and  the 
like ;  knowing,  that  before  that  eminent  philosopher  had  turned  his 
attention  to  these  subjects,  he  had  already  earned  a  great  name 
amongst  chemists,  by  the  success  with  which  he  had  grappled  with 
the  most  difficult  problems  in  Organic  Chemistry ;  and  by  the  flood 
of  light  which  he  had  shed  over  a  class  of  bodies,  before  comparatively 
unattractive,  owing  to  the  obscurity  which  enveloped  their  real  nature, 
and  the  absence  of  those  connecting  links,  the  discovery  of  which  by 
himself,  more  than  perhaps  by  any  other  single  individual,  has  shown 
that  they  constitute  the  parts  of  one  harmonious  and  unbroken  series. 

And  now,  Gentlemen,  nothing  more  remains,  except  that  I  should 
express  my  most  cordial  thanks  to  you  all,  for  the  kindness  and 
courtesy  I  have  ever  experienced  since  I  began  to  fill  the  honour- 
able office  which  you  conferred  upon  me;  and  to  the  Members 
of  the  Council  more  especially  for  relieving  me,  as  they  have  done, 
by  their  close  attention  to  your  affairs,  from  the  most  onerous  portion 
of  my  duties.  It  is  also  satisfactory  to  me,  on  relinquishing  the  Chair, 
to  reflect,  that  in  selecting  Colonel  Yorke  as  my  successor,  j^ou  will 
place  at  your  head  a  zealous-  Member  of  the  Society,  who,  as  being 
resident  amongst  you,  will  have  the  power,  far  more  efficiently  and 
more  regularly  than  I  have  found  myself  able  to  do,  of  watching  over 
your  interests,  and  of  presiding  at  your  Meetings. 


NOTICES 


PAPERS  CONTAINED  IN   OTHER  JOURNALS. 


On  the  General  Distribution  of  Iodine. 
By  Stevenson  llacaclam. 

(communicated  by  the  author.) 

During  the  last  twelve  months  I  have  been  engaged  in  a  series  of 
experimental  researches  as  to  the  general  distribution  of  iodine  and 
bromine. 

My  attention  was  first  drawn  to  this  subject  by  the  announcement 
recently  made  by  Chatin,  that  he  had  detected  the  presence  of  iodine 
in  the  atmosphere,  in  rain-water,  and  in  snow. 

Believing  tbat  if  iodine  were  present  in  the  media  referred  to,  its 
neighbour-element  bromine  would  be  found  there  too,  I  was  induced 
to  undertake  the  investigation,  partly  with  the  hope  of  being  able  to 
corroborate  the  results  communicated  by  Chatin  in  reference  to 
iodine,  but  principally  with  a  view  to  determine  whether  an  appreciable 
quantity  of  bromine  was  present  in  the  atmosphere. 

Several  minor  exj^eriments,  in  the  course  of  which  I  subjected  to 
examination  quantities  of  air  ranging  from  150  to  4000  cubic  feet, 
having  given  a  negative  result  so  far  as  the  detection  of  iodine  and 
bromine  were  concerned,  I  at  length  undertook  an  exjieriment  during 
which  100,000  cubic  feet  of  air  were  transmitted  through — 

1st.  A  tube  containing  slips  of  starched  paper. 

2nd.  A  gas-bottle  containing  iron-filings  and  water,  and 

3rd.  A  similar  bottle  with  solution  of  acetate  of  lead. 

The  starched  papers  and  the  liquid  with  iron-filings  were  intended 
to  retain  any  /ree  iodine,  and  the  lead-solution  any  soluble  iodide. 
At  the  conclusion  of  the  experiment,  and  when  625,000  gallons  of  air 
had  been  passed  through  the  arrangement,  it  was  found  that  the 
papers  were  not  sensibly  altered  in  tint,  and  that  neither  the  water  in 
which  the  iron-filings  were  suspended,  nor  the  solution  of  acetate  of 
lead  contained  the  slightest  trace  of  iodine. 

I  do  not  puiiiose  to  take  up  the  time  of  the  Society  by  minutely 
detailing  the  several  steps  of  the  process  to  which  the  liquids  obtained 
at  this  and  other  parts  of  the  inquiry  were  subjected ;  suffice  it  to 
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say,  that  in  every  instance  when  the  final  testing  of  the  solution  was 
arrived  at,  I  determined  the  presence  or  non-presence  of  iodine  by 
aid  of  starch,  nitrite  of  potassa^  and  hydrochloric  acid. 

Whilst  these  experiments  on  the  atmosphere  were  proceeding,  I 
was  examining  large  quantities  of  rain-water  which  had  fallen  in 
different  districts  of  Scotland. 

In  some  instances^  acetate  of  lead  was  simply  added  to  the  water, 
and  the  whole  evaporated  to  dryness ;  in  other  cases,  iron-filings  were 
first  added,  and  the  liquid,  after  being  agitated  with  an  iron  rod,  was 
treated  with  acetate  of  lead,  evaporat(;d  to  dryness,  and  subsequently 
tested.  In  no  instance,  even  when  employing  12  gallons  of  water  at 
one  time,  was  there  any  indication  of  iodine. 

Twelve  gallons  of  water  obtained  from  snow  collected  in  the  centre 
of  Edinburgh,  also  12  gallons  from  snow  which  had  fallen  in  the 
country  (at  Pennecuick),  ten  miles  south  of  that  city,  and  12  gallons 
from  the  neighbourhood  of  Innerleithen,  thirty  miles  south  of  Edin- 
burgh, were  severally  treated  with  iron-filings  and  acetate  of  lead,  and 
no  iodine  was  found.  The  liquids  ultimately  obtained  from  the  three 
quantities  of  snow-water,  and  which  had  been  used  in  the  starch- 
testing,  were  added  together,  neutralized  with  an  alkali,  evaporated  to 
dryness,  and  carefully  charred  to  decompose  the  starch ;  the  liquid 
obtained  from  this,  and  which  represented  36  gallons  of  snow-water, 
did  not  exhibit  the  slightest  indication  of  the  presence  of  iodine. 

In  these  experiments  I  was  anxious  to  employ  reagents  which 
were  perfectly  free  from  iodine,  and  therefore  refrained  from  using 
the  fixed  alkalies  to  any  extent,  although  Chatin's  papers  lead  me  to 
believe  that  they  were  largely  employed  by  him.  The  quantity  of 
iodine  in  potashes  seems  to  decrease  by  each  refinement,  but  I  have 
never  yet  encountered  a  sample  of  potash  in  which  I  did  not  find 
iodine  when  it  was  sought  for.  The  purest  is  that  obtained  by 
calcining  the  bitartrate  of  potash.  I  have  had  occasion  several  times 
to  use  small  quantities  of  the  alkali  thus  obtained,  and  although  the 
presence  of  iodine  could  not  be  detected  in  2  ounces  of  a  strong 
solution,  yet  in  6  ounces  a  trace  was  visible. 

The  negative  results  of  these  experiments  lead  me  to  believe  that 
in  the  air,  in  the  rain-water,  and  in  the  snow  emj)loyed  by  me,  there 
was  not  an  appreciable  quantity  of  iodine. 

Before  parting  with  this  part  of  my  subject,  I  may  state  that  I  am 
well  aware  that  several  communications  have  lately  been  laid  before 
the  Academy  of  Sciences  which  tend  to  verify  the  accuracy  of  Chatin^s 
results ;  but  one  and  all  of  them  are  objectionable,  from  the  authors 
having  employed  potash  and  other  materials  which  there  is  every 
reason  to  believe  would  contain  iodine  originally. 

jNIarchand  employed  nitrate  of  silver,  hyposul])hite  of  soda  and 
bicarbonate  of  potash;  Grange,  chloroform  and  caustic  potash. 
Barral,  in  his  late  admirable  researches  on  the  atmosphere,  failed  to 
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detect  iodine  in  the  rain-water  which  falls  during  January,  Februai-y^ 
March,  April  and  May,  but  found  a  very  small  quantity  in  that  of 
June.  I  have  not  seen  a  report  of  the  process  employed  by  him,  but 
think  it  probable  that  he  used  the  materials  derived  from  some  of  his 
nitric  acid  experiments,  and  to  which  he  had  added  caustic  potash  in 
order  to  fix  the  nitric  acid. 

So  far  as  regards  the  process  adopted  by  myself,  it  is  worthy  of 
remark,  that  Thenard,  in  commenting  upon  the  reseai-ches  of  Chatin, 
reconmiends  that  the  metals  most  susceptible  of  being  iodized  should 
be  exposed  for  some  time  to  the  action  of  the  air.  Some  months 
previous  to  this  suggestion  being  read  to  the  Academy  of  Sciences,  I 
had  used  iron  and  lead  in  the  search  for  iodine,  and  ten  days  prior 
to  the  date  of  Theuard^s  paper,  a  report  of  some  of  my  experiments 
was  jniblished  in  the  Edinburgh  Philosophical  Journal,  in  which  the 
use  of  the  metals  was  clearly  stated. 

Every  trial  for  free  iodine  was  accompanied  by  a  search  for  bromine, 
but  the  result  was,  in  every  instance  a  negative  one,  so  far  as  the 
atmosphere,  rain-water  and  snow  are  concerned. 

Whilst  differing  from  the  views  expressed  by  Chatin  in  reference 
to  the  atmospheric  distribution  of  iodine,  1  very  willingly  agi*ee  with 
him  in  considering  that  this  element  will  be  found  more  generally  dis- 
tributed in  the  vegetable  kingdom  than  it  has  formerly  been  sup- 
posed to  be.  In  45  plants,  hitherto  unknown  to  contain  iodine,  I 
have  discovered  that  element.  Amongst  that  number  there  are  repre- 
sentatives from  different  districts  of  Scotland,  and  also  different 
altitudes,  from  the  level  of  the  sea  to  some  1600  feet  above  it. 

The  determination  of  the  presence  of  bromine  in  plants  is  somewhat 
more  difficult,  owing  to  the  tests  for  that  element  being  much  less 
delicate  in  their  action  than  the  starch-test  for  iodine. 

With  the  exception  of  the  announcement  of  the  presence  of  bro- 
mine in  the  ammoniacal  liquids  of  the  gas  works,  in  plants  of  the 
family  of  Oscillarite  growing  in  thermal  waters  in  the  south  of  France, 
and  a  trace  in  carbonate  of  potash,  I  am  not  aware  that  the  element 
in  question  has  been  shown  to  be  a  constituent  of  inland  plants.  In 
the  greater  number  of  plants  tested  by  me,  not  a  trace  of  bromine 
could  be  detected ;  but  in  potashes,  in  the  ashes  of  the  pear,  the 
gooseberiy  and  the  apple-trees,  I  obtained  very  distinct  evidence  of 
the  presence  of  this  element.  The  tests  I  relied  upon  were  the  odour, 
the  yellow  colour  imparted  to  ether,  and  the  production  (to  a  greater 
or  less  extent)  of  the  brown-red  bromide  of  gold. 

The  failures  which  I  encountered  when  testing  for  bromine  in  the 
majority  of  plants,  I  am  inclined  to  ascribe  to  the  small  quantity  of 
plant  ashes  which  were  at  my  disposal. 

In  conclusion,  I  would  state  that  the  presence  of  iodine  and  bro- 
mine in  plants,  more  especially  in  the  edible  ones,  implies  that  these 
substances  are  introduced  into  the  system  of  even  the  highest  animal, 
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and  though  as  yet  unsuccessful,  yet  I  trust  that  before  long  I  shall 
be  able  to  determine  the  presence  of  both  these  elements  as  normal 
constituents  of  the  animal  frame. 


On  a  new  Oxide  of  Hydrogen,  and  Its  relation  to  Ozone.* 
By  91.   B  a  u  in  e  r  t. 

This  investigation  relates  chiefly  to  the  volatile  substance  obtained 
in  the  electrolysis  of  water,  and  commonly  known  by  the  name  of 
ozone.  As,  however,  this  body  is  commonly  regarded,  without  any 
positive  proof,  as  identical  with  the  substance  produced  when  electric 
sparks  are  passed  through  gases  containing  oxygen,  it  became  neces- 
sary to  consider  the  latter  simultaneously  with  the  former.  The 
author,  however,  abstains  from  giving  any  opinion  as  to  the  nature 
of  ozone  produced  by  processes  not  electrical. 

Since  ozone,  as  produced  by  the  electrolysis  of  water,  is  indepen- 
dent of  the  substances  which  are  added  to  the  liquid  to  make  it 
conduct,  we  may  conclude  at  once  that  it  contains  nothing  but  oxy- 
gen and  hydrogen.  The  quantity  varies  indeed  with  the  nature  of  the 
substances  so  added ;  but  the  ]n'oduction  never  fails  when  substances 
are  added  which  are  not  readily  susceptible  of  any  higher  degree  of 
oxidation,  such  as  sulphuric,  phosphoiic,  or  chromic  acid. 

That  ozone  thus  obtained  contains  hydrogen  as  well  as  oxygen,  may 
be  demonstrated  by  passing  it  through  a  long  glass  tube,  the  inner 
surface  of  which  is  coated  with  a  thin  film  of  anhydrous  phosphoric 
acid  (this  coating  is  most  easily  produced  by  passing  through  the 
tube  a  stream  of  dry  air,  carrying  with  it  a  quantity  of  finely-divided 
phosphoric  acid,  produced  by  the  recent  combustion  of  phosphorus). 
If  the  ozone  be  perfectly  dry,  the  phosphoric  acid  will  remain  un- 
altered ;  but  if  the  middle  of  the  tube  be  gently  heated,  and  the  ozone 
thereby  decomposed,  the  water  then  formed  dissolves  the  anhydrous 
phosphoric  acid  on  that  side  of  the  flame  which  is  farthest  from  the 
end  of  the  tube  at  which  the  gas  enters,  whilst  the  acid  on  the  other 
side  remains  unaltered.  It  appears,  then,  that  ozone  contains  the 
elements  of  water;  and  its  powerful  oxidizing  properties  show  that 
these  elements  are  combined  in  it  with  excess  of  oxygen. 

If,  then,  a  method  can  be  found  of  estimating  the  oxygen  which, 
in  combination  with  the  elements  of  water,  forms  ozone,  it  will  only 
be  necessary  in  addition  to  weigh  the  ozone  in  its  entire  state,  in 
order  to  arrive  at  a  complete  knowledge  of  its  composition.  The 
excess  of  oxygen  may  be  estimated  by  a  method  essentially  the  same 
as  that  adopted  by  Professor  Bunscn  in  the  analysis  of  iodide  of 
nitrogen  (sec  page  90,  of  this  volume).     For  the  oxygen  combined 

*  Pogg.  Ann.  lAXXIX.  38. 
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with  the  elements  of  water  in  ozone  separates  an  equivalent  quantity 
of  iodine  from  a  solution  of  iodide  of  potassium,  just  as  chlorine  or 
bromine  does.  It  is  only  necessary,  therefore,  to  determine  the 
quantity  of  iodine  thus  separated,  and  the  proportionate  quantity  of 
oxygen  will  be  known  immediately. 

A  solution  of  iodine  in  iodide  of  potassium  is  prepared,  of  such  a 
strength  that  the  quantity  of  iodine  in  a  degree  of  the  burette  shall 
be  only  a  small  fraction  of  a  milligramme  =  a  {e.g.,  in  the  following 
experiments,  =  00002538  grm.)  A  quantity  of  extremely  dilute 
sulphurous  acid  is  also  prepared,  containing  not  more  than  --o.foiT-o  of 
the  acid.  It  is  next  to  be  determined  how  many  burette-divisions  t, 
of  the  iodine-liquid  are  required  to  decompose  a  given  volume  of  this 
sulphurous  acid.  The  quantity  of  iodine  required  for  this  purpose  is 
a  t.  If,  now,  n  measures  of  this  sulphurous  acid  be  added  to  the 
iodine-liquid  which  has  been  treated  with  ozone,  which  latter  contains 
the  quantity  x  of  iodine  sought,  this  quantity  x  will  decompose  a 
certain  portion  of  the  sulphurous  acid.  Lastly,  if  the  number  of 
burette-degrees  /',  and  thence  the  quantity  of  iodine  a  t'  be  deter- 
mined, which  is  required  for  the  complete  decomposition  of  the  n  mea- 
sures of  sulphurous  acid,  we  have  the  equation  : 

x-\-a  t' r=.na  t, 
whence  x=a{nt — t'). 

The  point  at  which  the  decomposition  of  the  acid  is  complete  may 
be  readily  ascertained  by  Dupasquier's  method  with  solution  of 
starch.  From  this  quantity  x,  which  is  the  quantity  of  iodine  set 
free  by  the  oxygen  in  the  ozone,  the  quantity  w  of  oxygen  which  the 
ozone  contains,  in  addition  to  the  elements  of  water,  may  be  readily 
calculated  by  the  equation 

w=^a  {nt  —  t'). 

To  determine  the  total  weight  of  the  ozone,  it  is  passed,  after 
being  thoroughly  dried,  into  a  small  bulb- apparatus,  containing 
solution  of  iodide  of  potassium,  and  having  attached  to  it  a  tube 
or  another  bulb-apparatus  containing  sulphuric  acid,  to  condense  the 
water  which  evaporates.  The  increase  of  weight  in  this  apparatus 
gives  the  total  weight  of  the  ozone  required. 

The  preparation  of  the  ozone  presents  considerable  difficulties. 
It  acts  so  rapidly  on  all  organic  substances,  that  any  corks  or 
caoutchouc  used  to  connect  the  different  parts  of  the  apparatus  are 
quickly  eaten  through ;  hence  it  is  necessary  to  make  all  the  con- 
nections by  fusion  or  by  grinding.  Notwithstanding  this  rapid 
action,  the  quantity  of  ozone  produced  is  very  small,  so  that  large 
quantities  of  water  must  be  decomposed  in  order  to  produce  the 
required  amount  of  ozone.     In  one  experiment,  in  which  7Q  grms. 
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of  water,  acidulated  with  ,',j  sulphuric  acid  were  decomposed,  150 
litres  of  detonating  gas  were  found  to  contain  1  milligrni.  of  ozone. 
Chromic  acid  solutions,  containing  a  little  sulphuric  acid,  yield, 
however,  a  larger  quantity — viz.,  about  1  milligrm.  in  10  litres  of 
detonating  gas.  The  presence  of  free  hydrogen  in  the  ozoniferous 
gas  must  be  carefully  avoided ;  otherwise  the  excess  of  oxygen  in  the 
ozone  will  combine  with  the  hydrogen,  and  form  water.  Hence  it  is 
necessary  to  collect  apart  the  gases  evolved  at  the  positive  pole — 
viz.,  the  oxygen  and  ozone.  This  is  effected  by  a  peculiar  arrange- 
ment, for  a  description  and  figure  of  which  we  must  refer  to  the 
original  memoir.  The  ozoniferous  oxygen  is  then  passed  through  a 
long  tube,  containing  pieces  of  pumice-stone  soaked  in  oil  of  vitriol, 
and  thence  into  the  bulb-apparatus  already  mentioned,  containing 
the  solution  of  iodide  of  potassium. 

The  oxygen,  which  in  the  ozone  is  combined  with  the  elements  of 
water,  decomposes  the  iodide  of  potassium,  setting  free  an  equivalent 
quantity  of  iodine,  and  forming  caustic  potash.  Hence  the  solution 
soon  assiimes  a  brown  colour.  This,  however,  disappears  again, 
because  the  iodine,  thus  separated,  acts  upon  the  potash,  forming 
iodide  of  potassium  and  iodate  of  potash,  which  salts,  after  a  while, 
form  a  crystalline  crust  on  the  dry  part  of  the  bulbs.  When  such  a 
solution,  which  likewise  contains  free  iodine,  is  mixed  mth  hydro* 
chloric  acid,  the  iodine  of  the  iodate  of  potash  is  again  completely 
separated.  Hence  the  quantity  of  iodine  separated  by  the  oxygen 
may  be  detei-mined  with  equal  precision,  whether  it  remains  uncom- 
bined  or  forms  iodate  of  potash. 

Exp.  1.  Current  continued  for  6  days.  Total  weight  of  ozone, 
^  =  0-0133  grms.;  fl=0-00025387 ;  ^  =  55-1,^=44-4;  w=10. 

Hence  m;  =  0008109;  ^-w;  =  0519L 

Exp.  2.  Current  continued  for  8  days.  Total  weight  of  ozone^ 
^  =  0-0419  grms.;  «  =  000025387  ;  ^  =  246-5;  ^  =  121-8;  w  =  3. 

Hence  w;  =  0009887;  ^-m;  =  0005013. 

These  numbers  agree  best  with  the  formula  HO,, 


H.     . 

30.     . 

Calculated. 

.       1         4 
.     24      96 

25      100 

4-34 
95-66 

Found. 

3-76 
96-24 

4-30 
9600 

HO3 

10000 

100-00 

100-00 

We  have  then  the  following  three  oxides  of  hydrogen 

Water =  HO 

Binoxidc  of  hydrogen    .  =  HOo 


Ozone =  HO3 


From  the  position  which  ozone  occupies  in  this  scries,  it  might  be 
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regarded  as  an  acid,  and  called  not  inappropriately,  hydrogenous  acid. 
Viewed  in  this  light,  it  exhibits  a  certain  analogy  with  nitrous 
acid.  That  which  is  sometimes  the  case  with  nitrous  acid,  ap])ears 
always  to  happen  with  ozone — viz.,  that  it  is  decomposed  by  direct 
contact  with  bases.  Hence  it  has  not  yet  been  found  possible  to 
produce  any  saline  compounds  of  ozone.  The  chemical  relations  of 
this  body  are,  in  fact,  much  more  those  of  a  peroxide  of  hydrogen. 
Metallic  oxides,  susceptible  of  higher  oxidation,  are  converted  by  it 
into  peroxides  and  acids.  Ammonia  is  converted  into  a  nitrate,  and 
mercury  into  mercuric  oxide,  without  foraiing  a  salt.  On  the  oxides 
of  the  magnesium  group  of  metals  it  appears  to  exert  no  action. 
The  colour  of  litmus  is  destroyed  by  it  without  previous  reddening. 
Generally,  ozone,  in  contact  with  easily  oxidable  substances,  gives 
up  its  oxygen,  and  water  is  separated.  This  behaviour  renders  it 
necessary  in  preparing  ozone,  to  get  rid  of  the  hydrogen  simulta- 
neously evolved  from  the  water.  Experiments  in  which  detonating  gas 
was  passed  thi'ough  the  apparatus  above  described,  constantly  gave 
by  analysis  an  excess  of  water.  Now,  as  in  these  experiments  the 
other  conditions  remained  the  same,  this  formation  of  water  can  only 
be  explained  by  a  direct  combination  of  the  free  hydrogen  with  the 
excess  of  oxygen  in  the  ozone. 

From  all  that  has  been  said,  it  may  be  regarded  as  certain  that 
hydrogen  exists  in  ozone  as  an  essential  constituent.  The  amount 
of  hydrogen  found  in  the  preceding  experiments  cannot  have  pro- 
ceeded from  aqueous  vapour  mechanically  carried  forward ;  for  the 
gas,  before  entering  the  bulb  apparatus,  had  passed  through  a  tube 
containing  sulphuric  acid  five  times  as  long  as  that  which  it  traversed 
immediately  before  emerging  from  the  apparatus.  If,  then,  the 
increase  of  weight  in  the  bulb-apparatus  had  been  due  to  water 
mechanically  carried  forwards,  it  would  have  been  less  than  the 
amount  corresponding  to  the  weight  of  oxygen  determined  by  the 
graduated  solution,  certainly  not  greater.  Another  objection  which 
might  be  made  to  these  experiments  is  based  upon  the  tension  of 
the  sulphuric  acid  vapour,  which  might  possibly  have  been  sufficient 
to  carry  free  sulphuric  acid  into  the  iodide  of  potassium  apparatus, 
together  with  the  gases.  To  obviate  this  objection,  the  author 
passed  50  litres  of  atmospheric  air  in  a  rapid  current  through  the 
drying-tube,  placing  at  the  end  of  it  a  bulb-apparatus  filled  with 
distilled  water.  At  the  end  of  the  experiment,  the  water  did  not 
show  the  slightest  turbidity  with  chloride  of  barium. 

Considering  the  doubt  which  exists  as  to  the  identity  of  the 
several  bodies  included  under  the  general  name  of  ozone,  it  must  be 
regarded  as  yet  uncertain  Avhether  the  substance  produced  by  the 
passage  of  electric  sparks  through  dry  oxygen  gas  is  identical  with 
the  compound  above  examined.     If  it   be   so,   the   formation  of  the 
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latter  cau  only  be  explained  by  supposing  that  the  dried  gas  still 
retains  traces  of  moisture.  If,  on  the  contrary,  it  cau  be  shown  that 
the  odorous  substance  produced  by  the  electric  spark  in  an  atmos- 
phere perfectly  freed  from  aqueous  vapour,  is  really  oxygen,  bi'ought 
by  the  enormous  but  momentary  rise  of  temperature  caused  by  the 
electric  spark,  into  an  allotropic  condition  characterized  by  increased 
combining  energy,  then  it  is  easy  to  establish  a  very  simple  relation 
between  this  allotropic  oxygen  and  the  ozone,  which  has  just  been 
shown  to  be  a  peroxide  of  hydrogen.  In  that  case,  indeed,  the 
latter  must  be  regarded,  as  water  oxidized  at  the  expense  of  the 
allotropic  oxygen,  and  must  therefore  always  be  formed  when  this 
allotropic  oxygen  comes  in  contact  with  water  at  comparatively  low 
temperatures;  the  odour  of  the  allotropic  oxygen  being,  in  fact, 
actually  due  to  the  formation  of  ozone.  This  question  will  be 
decided  in  the  affirmative,  if  we  can  show  that  perfectly  diy  oxygen 
through  which  the  electric  spark  is  passed,  actually  acquires  a  com- 
bining tendency,  strong  enough  to  overcome  the  most  powerful 
affinities,  such  as  those  of  chlorine  and  iodine  for  potassium,  at 
ordinary  temperatures.  For  this  purpose,  the  apparatus  above 
described  was  modified  as  follows  : 

The  ozonized  oxygen  evolved,  from  the  positive  pale  of  the  batteiy 
was  passed,  first  through  a  small  bulb-apparatus,  containing  sul- 
phuric acid;  thence  into  a  glass  tube  a,  surrounded  at  its  middle 
part  with  platinum  foil,  and  heated  by  a  spirit-lamp  to  a  tem- 
perature sufficient  to  decompose  the  ozone,  and  separate  it  into 
water  and  free  oxygen.  The  gas  was  made  to  pass  into  a  bulb  b, 
containing  pieces  of  iodide  of  potassium,  and  thence  into  a  long 
tube  c,  filled  with  chemically  pure,  anhydrous  phosphoric  acid.  The 
gas  thus  freed  from  ozone  and  aqueous  vapour  passed  next  into 
a  glass  tube  e,  the  part  of  which  nearest  the  drying  tube  c  was 
widened,  and  had  two  platinum  wires  inserted  through  its  sides, 
by  means  of  which  a  ra))id  succession  of  electric  sparks  from  an 
induction  apparatus  could  be  passed  through  the  gas.  The  inner 
surface  of  this  tube  was  coated  with  a  thin  film  of  phosphoric 
acid,  in  the  manner  described  on  p.  1G9.  Lastly,  to  the  other  end  of 
this  tube  was  attached  a  bulb-apparatus,  containing  solution  of  iodide 
of  potassium. 

The  jnode  of  experimenting  was  as  follows  :  The  ozonized  oxygen 
from  the  battery  was  passed  for  three  hours  through  the  apparatus 
with  moderate  rapidity,  the  tube  a  being  kept  red-hot  all  the  while, 
and  the  induction  apparatus  not  being  in  action.  Neither  the  iodide 
of  potassium  in  the  bulb  b,  nor  the  phosphoric  acid  in  the  tube  e, 
exhibited  the  slightest  alteration.  Now,  the  author  has  found  that  a 
film  of  phosphoric  acid  attached  to  the  inside  of  a  tube,  as  above 
described,  will  detect  the  presence  of  -o-i-Tn,  of  a  millgnn.  of  watery 
va])our ;  moreover,   as   iOOO  cub.  cents,  of  gas  passed  through  the 
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apparatus  in  four  hours,  it  follows  that  1  cub.  cent,  of  the  gas  could 
not  have  contained  too-oo-oi>-o  of  a  millgrm.  of  water.  The  iodide  of 
potassium  in  the  bulb-apparatus  not  only  remained  perfectly  colour- 
less, but  did  not  even  exhibit  a  trace  of  blue  colouring  on  the  addi- 
tion of  hydrochloric  acid  and  starch ;  showing  that  the  ozone  had 
been  completely  decomposed  in  passing  through  the  former  parts  of 
the  apparatus. 

The  experiment  was  next  repeated,  with  this  difference,  that  the 
induction  apparatus  was  set  in  action,  and  a  rapid  succession  of 
sparks  passed  between  the  wires  in  the  tube  e ;  as,  however,  a  certain 
quantity  of  nitrogen  had  entered  into  this  tube  on  the  previous 
removal  of  the  bulb-apparatus,  the  stream  of  oxygen  was  continued 
for  a  sufficient  time  to  drive  it  all  out  before  the  induction  apparatus 
was  set  going.  Without  this  precaution,  the  result  might  have  been 
vitiated  by  the  formation  of  nitric  acid.  In  a  few  minutes  after  the 
sparks  began  to  pass  the  iodide  of  potassium  solution  became  sen- 
sibly yellow,  and  after  an  hour,  a  millgrm.  of  free  iodide  could  be 
detected  in  it.  During  the  whole  experiment,  the  film  of  phosphoric 
acid  in  the  tube  e  did  not  exhibit  the  slightest  change. 

The  bulb-apparatus  was  then  filled  for  the  third  time  with  fresh 
solution  of  iodide  of  potassium,  and  any  nitrogen  that  might  have 
entered,  expelled  as  before.  The  induction  apparatus  was  then  set  in 
action,  and  the  experiment  repeated  in  the  same  manner,  excepting 
that  the  part  of  the  tube  e  nearest  to  the  bulb  f  was  heated  by  a 
small  spirit-lamp.  Under  these  circumstances,  the  iodide  of  potas- 
sium solution  did  not  exhibit  the  slightest  change  of  colour;  and 
even  after  the  lapse  of  an  hour,  the  addition  of  hydrochloric  acid 
and  starch  did  not  produce  the  slightest  blueing.  On  detaching  the 
bulb-apparatus,  the  gas  which  issued  from  the  tube  e  did  not  exhibit 
the  faintest  odour;  but  as  soon  as  the  spirit-lamp  was  removed,  a 
very  strong  smell  of  ozone  became  perceptible ;  ceasing,  however,  as 
soon  as  the  passage  of  the  sparks  was  interrupted,  and  again  becoming 
perceptible  on  the  instant  of  their  removal. 

The  quantity  of  iodine  set  free  in  the  last  experiment  but  one 
in  the  course  of  an  hour,  was  more  than  nine  times  as  great  as  would 
correspond  to  any  increase  of  weight  in  the  apparatus  resulting  from 
aqueous  vapour  mechanically  carried  forward.  Hence  we  may  con- 
clude, that  there  really  exists  an  allotropic  oxygen,  which,  at  ordi- 
nary temperatures,  exhibits  a  strength  of  affinity  exceeding  that  of 
chlorine. 

The  conditions  under  which  this  allotropy  of  oxygen  occurs  are 
very  remarkable.  In  nearly  all  other  bodies,  the  allotropy  produced 
by  elevation  of  temperature  is  characterized  by  diminution  of  chemical 
energy.  In  this  case,  however,  we  see  a  condition  distinguished  by 
an  increase  of  combining  tendency  produced  by  a  rise  of  temperature 
of  the  greatest  intensity  and  shortest   duration.     It  is  no  less  re- 
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mai'kable,  that  this  state  is  produced  at  the  highest  tempera- 
tures only,  and  when  once  produced,  is  destroyed  at  a  temperature 
of  about  200°  C.  The  conversion  of  allotropie  into  ordinary  phos- 
phorus is  not  momentary,  but  requires  a  certain  time.  In  a  similar 
manner,  it  is  probable  that  oxygen  which  has  been  brought  into 
the  allotropie  state  by  the  high  temperature  of  the  electric  spark, 
may,  when  quickly  cooled,  sink  from  that  temperature  to  200° 
without  being  completely  brought  back  to  its  original  state;  pro- 
vided that  the  time  occupied  in  the  cooling  be  shorter  than 
that  which  is  required  to  produce  the  change  within  that  par- 
ticular range  of  temperature.  Hence  we  may  understand  why  it 
is  that  so  small  a  fraction  only  of  the  total  quantity  of  oxygen 
remains  permanently  in  the  allotropie  state,  and  how  this  state  so 
quickly  disappears  at  a  heat  of  200°.  The  temperature  at  which 
ozone  is  resolved  into  oxygen  and  water  will  probably  be  found  to 
differ  from  that  at  which  allotropie  oxygen  is  converted  into  the 
ordinary  variety.  On  this  point  the  author  hopes  to  have  some- 
thins;  further  to  communicate. 


On  Piperidine,  a  New  Alkali  derived  from  Piperine.* 
By  A.   C  a  hours. 

Rochleder  and  Wertheim  foundf  that  when  a  mixture  of  pipe- 
rine and  soda-lime  is  heated,  an  oily  volatile  base  is  evolved,  possessing 
all  the  properties  of  Picoline ;  this  compound  they  were  induced  to 
regard  as  a  pseudo-salt  containing  the  elements  of  picoline  united 
with  a  quaternary  organic  group  of  atoms. 

M,  Cahours,  being  desirous  of  making  a  comparative  study  of 
picoline  and  the  isomeric  base  aniline,  distilled,  according  to  the 
reconunendation  of  the  chemists  above-mentioned,  1  part  of  pi[)criue 
with  2 1  to  3  parts  of  potash-lime.  The  product  of  the  distillation, 
collected  in  a  cooled  receiver,  consisted  of  water,  of  two  distinct  vola- 
tile bases,  and  a  neutral  substance  possessing  an  agreeable  aromatic 
odour,  like  that  of  the  derivatives  of  the  benzoic  series.  When  this 
crude  liquid  is  treated  with  fragments  of  caustic  potash,  a  light  oily 
substance  separates,  having  a  strongly  ammoniacal  odour,  and  dis- 
solving in  all  proportions  in  water.  This  oil,  when  distilled,  passes 
over  almost  wholly  between  105°  and  108°  C. ;  but  towards  the  end 
of  the  distillation,  the  thermometer  rises  rapidly  to  210°,  and  there 
remains  stationary.  The  more  volatile  product,  which  forms  more 
than  -|Su  of  the  crude  liquid,  distils  over  entirely  at  10G°,  when  rec- 
tified anew.  This  substance,  which  possesses  all  the  characters  of  a 
definite  compound,  is  a  colourless,  very  limpid  liquid,  having  a  strong 

*  Ann.  Ch.  Phys.  [3]  XXXVIII,  70.  t  Ann.  Cli.  Phann.  LXX,  58. 
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ainnioniacal  odour,  but  recalling  also  that  of  pepper ;  it  blues  red- 
dened litmus  strongly,  has  a  very  eaustic  taste,  and  saturates  the 
most  powerful  acids.  It  dissolves  in  all  proportions  in  water,  to 
which  it  communicates  very  decided  alkaline  properties.  The  solution 
behaves  like  ammonia  with  saline  solutions,  excepting  that  it  does  not 
appear  to  redissolve  the  oxides  of  cop})er  and  zinc. 

By  reason  of  its  origin,  the  author  designates  this  base  by  the  name 
of  Piperidine. 

The  analysis  gave  the  following  results  : 
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Experiment. 
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From  these  numbers  it  appears  that  the  simplest  formula  by  which 
the  composition  of  the  base  can  be  expressed  is  Cj^H^^N  ;  to  de- 
termine whether  the  rational  formula  is  really  expressed  by  these 
numbers  or  by  a  multiple  of  them,  the  vapour- density  was  taken. 
Experiment  showed  it  to  be  2-958.  Now  supposing  that  the  pre- 
ceding formula  represents  4  vols,  of  vapour,  we  have  : 

10  vols.  Carbon-vapour    =   8-440 

22     „     Hydrogen  .     .    =    1-522 

2     „     Nitrogen    .     .    =   1-944 


11-906 


=  2-976 


The  equivalent  of  piperidine  is  therefore  actually  represented  by  the 
formula 

CioHnN. 

This  base  forms  perfectly  crystalline  compounds  with  hydrochloric, 
hydrobromic,  hydriodic,  sulphuric,  nitric  and  oxalic  acids. 

The  Hydrochloratey  C|(,HjjN,  HCl,  forms  long  colourless  needles, 
very  soluble  in  water  and  alcohol ;  from  the  alcoholic  solution  it 
separates  in  long  prisms.  The  crystals  volatilize  when  moderately 
heated,  and  are  not  altered  by  exposure  to  the  air. 

Hydrochlorate  of  piperidine  forms  with  chloride  of  gold  a  crystal- 
line powder,  composed  of  small  needles  of  a  fine  yellow  colour,  and 
with  bichloride  of  platinum  a  compound  which  crystallizes  in  orange- 
coloured  needles,  having  the  composition  CigH^iN,  HCl,  PtCL.  This 
salt  is  very  soluble  in  water,  less  soluble  in  alcohol. 
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Hydriodate  of  Piperidiae,  CnjTIj^N,  HI,  crystallizes  in  long  needles^ 
resembling  tlie  liydroclilorate. 

Nitrate  of  Piperid'me,  C-^^^l-^^,  HNOg,  forms  small  crystalline 
needles.  It  is  obtained  by  saturating  tbe  base  with  weak  nitric  acid, 
and  evaporating  in  vacuo.  It  is  decomposed  by  beat,  giving  off 
vapours  which  have  an  aromatic  odour.     Alcohol  dissolves  it  readily. 

Nitrous  acid  acts  violently  on  piperidine,  forming  a  heavy  aro- 
matic liquid,  which  the  author  did  not  obtain  in  quantity  suffi- 
cient for  analysis.  From  the  results  obtained  by  Ilofmann,*  on  the 
mutual  action  of  nitrous  acid  and  aniline,  it  is  probable  that  the 
action  just  mentioned  gives  rise  to  the  formation,  first  of  the  com- 
pound CjoHjoOg,  and  then  of  Cjq^?^    ?  Og. 

Oxalate  of  Piperidine,  Cj^Hj^N,  CoHO^,  is  formed  by  saturating 
piperidine  with  a  solution  of  oxalic  acid ;  it  separates  by  evaporation 
in  delicate  needles,  which  may  be  obtained  pure  by  a  second  crystal- 
lization. 

Sulphate  of  piperidine,  Cj^H^^N,  HSO^,  obtained  directly  by  satu- 
rating piperidine  with  sulphuric  acid,  is  a  crystallizable  salt,  deli- 
quescent, and  therefore  very  solitble  in  water. 

Piperidic  Urea. — When  sulphate  of  piperidine  is  boiled  with  an 
equivalent  quantity  of  cyanate  of  potash,  sulphate  of  potash  is  formed, 
together  with  a  compound  analogous  to  urea : 

CjoHiiN,  HS04  +  C2NK02=KS04  +  Ci2Hi2N202. 

To  separate  the  latter  compound,  the  liquid  is  evaporated  to  dryness, 
the  residue  digested  in  strong  alcohol,  and  the  alcoholic  solution  left 
to  evaporate ;  the  piperidic  urea  is  then  deposited  in  long  white 
needles : 
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C12H12N2O0  .     .128       100-00 

This  compound  is  also  formed  when  cyanic  acid  vapour  is  passed 
into  piperidine.  A  solid  mass  is  then  obtained,  soluble  in  water  and 
alcohol,  and  possessing  all  the  characters  of  the  compound  just 
described. 

If,  instead  of  cyanic  acid  vapour,  cyanate  of  methyl  be  passed  into 
the  solution,  an  analogous  compound  is  obtained,  which  bears  the 
same  relation  to  the  preceding  that  mcthyl-urca  bears  to  ordinary 
urea  : 

*  Chem.  Soc.  Qu.  J.  Ill,  231. 
VOL.    VI. NO.    XXII.  N 
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This  latter  compound  is  in  fact,  Piperidic  Methyl-urea=  C^r^  {  C  W  ] 

NgOg ;  its  formation  is  expressed  by  the  equation  C^N  (CjHj)  O2  + 
CjqHiiN  =  Ci4Hj4No02.     Similarly,  cyanate  of  ethyl  with  piperidme 

forms  Piperidic  Eihyl-urea  =  CiQi{iQ^2^%  =  ^n{Q  U  ]  ^2^2 

Benzopiperldine,  C^^}i^^^Oy — When  chloride  of  benzoyl  is  made 
to  act  on  piperidine,  a  large  quantity  of  heat  is  evolved,  and  hydro- 
chlorate  of  piperidine  is  formed,  together  with  an  oily,  heavy  liquid, 
which  may  be  easily  freed  from  the  hydrochlorate  by  washing  with 
acidulated  water.  When  left  to  itself,  it  soon  solidifies ;  and  when 
the  solid  mass  is  dissolved  in  alcohol,  which  dissolves  it  readily,  and 
the  solution  evaporated,  the  new  compound  separates  in  the  form  of 
beautiful  colourless  prisms  analogous  to  benzamide. 

Calculation.  Mean  Experiments. 
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The  formation  of  this  compound  may  be  represented  by  the  equa- 
tion : 

,  2CioHiiN  +  Ci,HACl  =  Ci2Hi,N,  HCH-C^^HjgNOo, 

Cumylopiperidine,  Cg^H^^NOj. — Obtained  in  a  similar  manner  by 
the  action  of  chloride  of  cumjd  on  piperidine. 

Chloride  of  acetyl  appears  also  to  exert  a  similar  action. 

Sulphocarhonate  of  Piperidine,  C^qHjjN,  CS3. — When  bisulphide  of 
carbon  is  added  drop  by  drop  to  piperidine,  a  very  rapid  action  takes 
place,  and  the  mixtui-e  becomes  very  hot.  No  gas  is  however  disen- 
gaged, neither  is  the  slightest  formation  of  sulphuretted  hydrogen 
perceptible.  The  liquids  must  be  mixed  cautiously,  otherwise  a  por- 
tion of  the  contents  of  the  vessel  will  be  thrown  out.  If,  when  the 
action  is  terminated  (the  sulphide  of  carbon  having  been  used  in 
excess),  the  solid  mass  be  taken  up  by  alcohol,  which  dissolves  it 
readily,  especially  when  hot,  and  the  solution  left  to  evaporate,  the 
compound  separates,  sometimes  in  fine  needles,  sometimes  in  crystals 
of  considerable  size,  having  the  form  of  a  symmetrical  oblique  prism. 
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Methylopijjeridine,  C12H13N. — Formed  by  the  action  of  iodide  of 
methyl  ou  piperidiue.  The  iodide  of  methyl  must  be  added  drop  by 
drop,  and  the  tube  cooled  while  the  mixing  is  going  on;  otherwise, 
a  portion  of  the  contents  will  be  thrown  out.  If  the  liquids  are 
mixed  in  equal  volumes,  there  is  formed  a  beautiful  white  crystal- 
line mass,  which  is  soluble  in  water,  and  when  treated  with  potash, 
yields  an  oily  liquid,  also  soluble  in  water;  this  oily  liquid  has  an 
ammoniacal  odour  like  that  of  piperidine,  but  more  aromatic.  After 
being  digested  with  fragments  of  caustic  potash,  and  then  rectified,  the 
new  product  assumes  the  form  of  a  colourless,  very  mobile  liquid, 
hanng  an  ammoniacal  and  aromatic  odour,  soluble  in  water,  boiling  at 
118°  C,  and  forming  crystallizable  compounds  with  acids.  This  com- 
pound is  methylopiperidine,  its  formation  is  expressed  by  the  equa- 
tion : 


Calculation. 

Experiments. 

12c  .   . 

.     72 

72-72 

72-83 

13H    .     . 

.     13 

13-13 

13-74 

N    .     . 

.     14 

14-15 

14-35 

C,,H,3N 

99 

100-00 

100-42 

The  vapour-density  is  found  by  experiment  to  be  3'544 ;  and  sup- 
posing that  the  preceding  formula  represents  4  volumes  of  vapour, 
the  calculated  density  is  3-513. 

Methylopiperidine  forms  with  hydrochloric  acid,  a  salt  which  crys- 
tallizes in  beautiful  colourless  needles.  The  solution  of  this  salt  forms 
with  bichloride  of  platinum,  a  compound  soluble  in  water  and  more 
soluble  in  alcohol ;  when  the  alcoholic  solution  is  left  to  evaporate, 
the  salt  separates,  sometimes  in  needles,  sometimes  in  tables  of  a  fine 
orange  colovu*.     The  formula  of  this  salt  is  CjjHjgN,  HCl,  PtCl,. 

Methylopiperidine,  in  contact  with  iodide  of  methyl  becomes 
slightly  heated,  and  the  mixture,  if  heated  in  a  a  sealed  tube,  finally 
solidifies.  On  dissolving  the  product  in  alcohol  and  leaving  the  solu- 
tion to  evaporate,  magnificent  crystals  are  obtained,  which  become  very 
brilliant  after  ocing  dried  on  bibulous  paper.  These  crystals,  when 
distilled,  partly  volatilize  and  are  partly  decomposed  into  methylo- 
piperidine and  iodide  of  methyl. 


14C     .     . 

.     84 

35-00 

34-90 

16  H    .     . 

.     16 

6-67 

6-75 

N     .     . 

.     14 

5-83 

5-92 

I      .     . 

.  126 

52-50 

— 

C,,H,eN,I 

.  240 

10000 

Ethylopiperidine,  Ci^Hj-N. — Piperidine  becomes  strongly  heated 
by  contact  with  iodide  of  ethvl,  but  not  so  much  as  with  iodide  of 

N    2 
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methyl.  The  mixture,  heated  in  sealed  tubes  in  the  water-bath, 
solidifies  into  a  mass  of  fine  white  crystals,  which,  when  decomposed 
by  potash,  yield  an  oil,  the  odour  of  which  resembles  that  of  piperi- 
dine,  but  is  less  ammoniacal  and  more  aromatic.  This  liquid,  which 
is  colourless,  and  very  mobile,  boils  at  128°.  Its  density  is  less  than 
that  of  water.  It  is  soluble  in  water,  but  less  so  than  piperidine. 
Pieces  of  potash  added  to  the  solution  effect  the  complete  separation 
of  the  base.     Alcohol  and  ether  dissolve  it  readily. 


Calculation. 

Mean  Experiment, 

14  C      . 

.     .     84 

74-33 

74-16 

15  H      . 

.     .     15 

13-27 

1319 

N      . 

.     .     14 

12-40 

12-59 

Ci^HjsN     .     .     .113  10000 

The  vapour-density  is  by  experiment,  3-98G;  by  calculation,  sup- 
posing the  formula  to  represent  4  vols,  of  vapour,  3-959. 

The  hydrochlorate  of  ethijlopiperidine  crystallizes  in  beautiful 
needles,  possessing  considerable  lustre.  Their  formula  is  Cj^HjgN, 
HCl. 

When  a  concentrated  solution  of  this  salt  is  mixed  with  a  concen- 
trated solution  of  bichloride  of  platinum,  a  copious  precipitate  is 
formed,  w^hich  dissolves  in  a  larger  quantity  of  water,  especially  if 
hot.'  If  it  be  redissolved  in  a  mixture  of  equal  parts  of  water  and 
alcohol,  and  the  solution  left  to  evaporate,  the  salt  separates  in  large, 
beautiful,  orange-coloured  prisms. 

Ethylopiperidine  scarcely  becomes  heated  by  contact  with  iodide 
of  ethyl.  When  the  liquids  are  enclosed  in  a  sealed  tube,  the 
iodide  of  ethjd  in  excess,  and  heated  for  several  hours  in  the 
water-bath,  a  viscid  mass  is  obtained,  which  floats  upon  the 
hydriodic  ether.  Water  dissolves  it  readily,  and  in  all  proportions ; 
the  solution  does  not  crystallize  in  vacuo.  AVhen  it  is  treated 
with  oxide  of  silver  recently  precipitated  and  washed,  a  deposit 
of  iodide  of  silver  is  obtained,  and  a  liquid  which,  when  evapo- 
rated 171  vacuo,  yields  very  deliquescent  crystals,  having  a  bitter 
taste  and  a  strong  alkaline  reaction.  These  crystals,  when  strongly 
heated,  decompose,  giving  off  an  inflammable  gas  and  ethylopiperi- 
dine; they  dissolve  in  hydrochloric  acid,  with  evolution  of  heat. 
The  liquid  being  concentrated  by  heat,  or  better,  by  evaporation 
in  vacuo,  yields  a  very  deliquescent  salt,  which  crystallizes  in  scales. 
The  solution  of  the  hydrochlorate  forms  a  copious  precipitate  in  a 
strong  solution  of  bichloride  of  platinum.  If  very  dilute  and  boil- 
ing solutions  be  used,  the  mixture  on  cooling  deposits  orange- 
coloured  crystals,  very  much  like  those  of  chloroplatinate  of  potas- 
sium.    The  composition  of  this  platinum-salt  is  as  follows : 
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Cal( 

dilation. 

Experiment. 

18  C     . 

.     .  108 

3117 

3101 

20  H    . 

.     .     20 

5-76 

5-82 

3  CI    . 

.     .  106-5 

30  73 

N     . 

.     .     140 

4-06 

Pt    . 

.     .     980 

28-28 

28-26 

CigH,9N,HCl,  PtCP    .246-5  10000 

Amylopiperidine,  C^qHoiN. — Iodide  of  amyl  scarcely  becomes  heated 
by  contact  with  piperidiue ;  but  the  mixture  soon  solidifies  when 
heated  in  the  water- bath  in  sealed  tubes.  If,  after  the  action  has  gone 
on  for  several  days,  the  crystals  be  dissolved  in  a  small  quantity  of  water 
and  the  liquid  distilled  in  contact  with  fragments  of  caustic  potash, 
a  limpid  liquid  passes  over,  having  both  an  anmioniacal  and  an 
amylic  odour.  This  compound,  after  being  dried  by  fused  caustic 
potash,  and  then  redistilled,  forms  a  colourless  liquid,  which  boils  at 
186°,  but  is  less  soluble  in  water  than  the  corresponding  ethyl  and 
methyl  compounds.     It  forms  cry  stall  izable  salts  with  acids. 


Calculation, 

Experiment. 

20C     .     , 

,     .    120            77-41 

77-54 

21  H    .     , 

,     .      21             13-55 

13-64 

N    .     , 

,     .      14              904 

9-17 

C2oH2i,N  .     .    155  100-00 

The  vapour-density  is  by  experiment  5-477;  by  calculation,  sup- 
posing the  equivalent  to  represent  4  vols,  of  vapour,  it  is  5-452. 

Hydriodate  of  amylopiperidine  forms  large,  white,  shining  laminije. 

When  a  solution  of  bichloride  of  platinum  is  poured  into  a  hot 
solution  of  hydrochlorate  of  amylopiperidine,  dark,  orange-coloured, 
oily  drops  are  deposited,  which  solidify  in  a  few  hours,  presenting  a 
crystalline  aspect.  On  dissolving  this  product  in  dilute  alcohol,  and 
evaporating  slowly,  the  platinum-salt  separates  in  very  hard  ])risms, 
often  of  considerable  size,  and  of  a  fine  orange  colour,  even  when  the 
quantity  of  material  operated  upon  is  small  The  formula  of  the 
salt  is  ■C20H01N,  IICI,  rtCl2. 

The  reactions  of  piperidine  above  described  might  lead  to  the 
supposition  that  it  is  a  base  belonging  to  the  amylcne  series,  and 
formed  from  amylene,  CjoHio,  by  the  substitution  of  NHj  for  H, 
or  as  a  compound  anmionia  formed  by  the  substitution  of  the  radical 
CjoHg  for  one  of  the  atoms  of  hydrogen ;    according  to  the  latter 

supposition,  its  rational  formula  would  be        H    >-N.     This  view  of 

11  J 
its  composition  would  agree  very  well  with  the  results  obtained  by 
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treating  it  with  the  iodide  of  methyl  and  ethyl.  To  test  the  truth  of 
this  hypothesis,  M.  Cahours  examined  the  action  of  bromide  of 
amylene,  Cj^HjoBro,  on  an  alcoholic  solution  of  ammonia.  The  two 
liquids  mix  easily  at  ordinary  temperatures,  without  producing  any 
particular  result;  and  even  when  they  were  heated  together  in  a 
sealed  tube  for  several  days,  the  only  products  obtained  were  hydro- 
bromate  of  ammonia  and  the  compound  CjoHgBr,  together  with  a 
very  small  quantity  of  an  oily  liquid  having  an  ammoniacal  odour; 
neither  was  any  particular  action  produced  by  treating  an  alcoholic 
solution  of  amuionia  wath  the  compound  Cj^HgBr,  or  with  the 
corresponding  compounds  C^HgBr,  C^^H^Br,  CgH^Br. 

From  these  negative  results  it  would  appear  that  the  radical 
CigHg,  and  the  analogous  compounds  C4H3,  CgHg,  &c.,  are  not 
capable  of  replacing  either  of  the  atoms  of  hydrogen  in  ammonia. 
The  author  is  therefore  disposed  to  regard  piperidine  as  an  imidogen- 
base,  resulting  from  the  substitution  of  two  binary  molecular  groups 
for  2  atoms  of  hydrogen  in  ammonia;  according  to  this  view,  its 
formula  may  be  written  as  follows : 

fH 

CioHiiN  =  N<'  CxHy 

L^io-x^lio-y 
The  author's  experiments  have  not  yet  enabled  him  to  determine 
the  values  of  x  and  y ;  but  the  composition  of  the  base  is  perhaps 
that  which  is  represented  by  the  formula, 

LCeHe 
the  hydrogen  being  replaced  partly  by  ethyl,  partly  by  allyl;  this 
however  is  at  present  a  pure  hypothesis,  not  founded  on  any  experi- 
ment. The  general  properties  and  basic  power  of  piperidnie  show 
that  it  occupies  an  intermediate  place  between  aniline  and  AVurtz's 
ammoniacal  bases,  approaching,  however,  more  nearly  to  the  former. 
From  picoline,  with  which  Rochleder  and  Wertheim  had  com- 
pared it,  it  differs  in  every  respect. 


Researches  on  the  Oxy^en.Itadicals. 
By  li.   Cliiozza." 

The  recent  investigations  of  Gerhardt  on  the  anhydrous  mono- 
basic acidSjt  have  clearly  shown  that  these  acids  contain,  in  a 
duplicate  form,  those  oxygenated  groups  of  atoms  which  are  con- 
tained as  one  atom  in  the  ordinary  hydrated  acids. 

*  Anil.  Chem.  LXXXIV,  102;  Cnmp,  veiul.  XXXV,  225. 
t  Cliem.  Soc.  Qu.  J.  Y,  127,  226. 
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The  process  by  which  benzoic  benzoate^  cuminic  cuminate^  &c., 
were  prei)ared,  naturally  leads  to  the  expectation  that  the  radicals 
themselves  may  be  obtained  by  causing  the  chlorides  of  these  oxy- 
genated groups  of  atoms  to  act  on  the  metallic  compounds  derived 
from  the  corresponding  aldehydes.  This  expectation  is  fully  con- 
firmed by  the  following  experiments. 

When  cuminol  is  heated  with  potassium  in  a  small,  covered 
platinum  crucible,  a  product  is  obtained  having  the  composition 
CjQ  H^^  0.*  It  may  be  purified  from  undecomposed  cuminol  by 
pressure  between  filtering-paper,  and  subsequent  exposure  over  oil  of 
vitriol  in  vacuo. 

The  substance  thus  obtained,  when  brought  in  contact  with  an 
equivalent  quantity  of  chloride  of  cumyl,  soon  becomes  liquid,  and 
forms  a  homogeneous  mixture,  which,  when  the  temperature  is  slightly 
raised,  becomes  pasty  from  separation  of  chloride  of  potassium. 
The  mass  is  then  to  be  treated,  first  with  water,  then  with  a  solution 
of  carbonate  of  potash,  and  finally  shaken  up  with  ether.  A  stratum 
of  ether,  containing  the  whole  of  the  cumyl,  soon  rises  to  the  surface 
of  the  liquid;  it  is  removed  by  a  pipette,  and  the  ether  driven  off  by 
a  gentle  heat.  To  free  the  product  completely  from  the  water  which 
it  contains,  it  must  however  be  heated  till  it  begins  to  give  ofi" 
vapours. 

The  action  which  takes  place  between  the  compound  CjoHjjKO 
and  the  chloride  of  cumyl,  is  expressed  by  the  following  equation  : 

{C„H.,0|,|C.„H.,0}^^|^|^,,, 

Cumyl. 

Cumyl  presents  the  appearance  of  a  thick  oil,  heavier  than  water. 
At  ordinary  temperatures  its  odour  is  faint,  but  when  gently  heated, 
it  gives  off  an  agreeable  odour  like  that  of  geraniums.       In  this 

c  H  on 

respect  it  resembles  benzoyl,  ^^"^  h°0  i^^^  compound  which  Ettling 

and  Stenhouse  obtained  by  the  dry  distillation  of  benzoate  of  copper. 

Cumyl  is  difficult  to  inflame,  and  burns  with  a  smoky  flame.  In  a 
niLxture  of  ice  and  salt,  it  solidifies,  forming  a  colourless,  amorphous 
mass.  On  being  again  raised  to  the  ordinary  temperature  of  the 
air,  it  recovers  its  fluidity.  It  dissolves  with  tolerable  facility  in 
boiling  alcohol,  but  very  sparingly  in  cold  alcohol.  Cumyl  boils  at 
a  temperature  above  300°,  decomposing  at  the  same  time  into  cuminic 
acid  and  other  less  oxygenated  products,  while  a  carbonaceous  re- 
sidue remains  in  the  retort. 

Cumyl  gives  by  analysis  numbers  corresponding  to  the  formula, 
C,JI,,0,. 

*  Gciliardl's  Notation.     Sec  papers  last  cited. 
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When  cuinyl  is  heated  with  a  small  quantity  of  hydrate  of  potash, 
cuminate  of  potash  is  formed,  and  the  strong,  eharacteristic  odour  of 
cumal  is  evolved. 

{^;:!I:;C}+l^|o={;;»5["°}+{'^'"!f"°}«- 

The  author  endeavoured  by  similar  means  to  form  cumyl-benzoyl, 
I  p^^  Tj"  Q  \  and  cumyl-acetyl  (or  cumyl-othyl)  |  p^'^  yj^^  q  |  ;  but 
the  experiments  have  not  yet  led  to  any  satisfactory  result. 


On   Anhydrous   Organic   Acids. 
By   L.   Cliiozza.'' 

Valerianic  Acid. — When  valerianate  of  potash,  purified  by  evapo- 
rating its  alcoliolie  solution  to  dryness,  and  heating  the  residue  till  it 
begins  to  melt,  is  brought  in  contact  with  oxychloride  of  phosphorus, 
a  violent  action  immediately  takes  place ;  the  insupportable  odour  of 
the  oxychloride  is  destroyed,  and  the  mixture  is  converted  into  a 
saline  mass,  saturated  with  a  viscid,  faintly-smelling  oil.  The  latter 
substance  is  Valerianic  Valerianate,  or  Anhydrous  Valerianic  Acid. 
To  obtain  it  pure,  it  must  be  treated,  first  with  a  very  dilute  solution 
of  carbonate  of  potash,  then  with  ether,  and  the  ethereal  solution, 
after  being  shaken  up  with  chloride  of  calcium,  left  to  evaporate 
over  the  water-bath. 

The  substance,  thus  purified,  gave  by  analysis  numbers  agreeing 
exactly  with  the  formula  C^f,  Hjg  O3. 

Anhydrous  valerianic  acid  is  a  colourless,  tolerably  mobile  oil, 
lighter  than  water.  When  recently  prepared,  it  has  a  faint,  and  by 
no  means  unpleasant  odour,  like  that  of  apples ;  but  if  rubbed  on  the 
hands,  it  imparts  to  them  the  odour  of  valerianic  acid,  which  lasts  for 
several  days.  The  vapour  attacks  the  eyes,  and  excites  coughing. 
Boiling  water  slowly  converts  the  oil  into  hydrated  valerianic  acid. 
The  same  transformation  is  quickly  efi"ected  by  alkaline  solutions,  and 
instantly  by  fused  potash. 

The  anhydrous  acid  boils  at  215°,  distilling  over  in  the  form  of  a 
colourless  liquid  like  water. 

The  formation  of  anhydrous  valerianic  acid  is  explained  as  follows : 
Oxychloride  of  phosphorus  converts  a  portion  of  the  valerianate  of 
potash  into  phosphate  of  potash  and  chloride  ofvaleryl,  as  shown  in 
the  following  equation : 

^[^'k'^}^]+P^^30  =  PK3  0,  +  3(C,H90,C1) 

^ V ' 

Chloride  of  Valeryl. 

*  Ann.  Ch.  Plwrm.  LXXXIV,  106;   LXXXV,  229. 
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But  the  cliloride  of  valeryl  acts  iu  its  turn  on  the  valerianate 
of  potash,  in  such  a  manner,  that  the  final  products  of  the  reaction 
are  phosphate  of  potash,  chloride  of  potassium,  and  anhydrous 
valerianic  acid. 

3[C.H,0-j^3[-C.H,0j0]=3C.K  +  3[g;H.0}0] 

Benzoic  Valerianate,  or  Valerianic  Benzoate,  c^  u^  0 1^*  —  "^^^^ 

compound  is  readily  obtained  by  the  action  of  chloride  of  benzoyl  on 
valerianate  of  potash.  It  is  an  oil,  heavier  than  water,  neutral  to  test- 
paper,  and  having  an  odour  very  much  like  that  of  valerianic  acid. 
Its  vapour  is  pungent,  and  excites  tears.  Alkaline  liquids  convert 
the  oil  into  benzoate  and  valerianate  of  the  alkali. 

Benzoic  valerianate  is  resolved  by  distillation  into  anhydrous  benzoic 
and  anhydrous  valerianic  acid.  This  decomposition  does  not,  how- 
ever, take  place  so  quickly  as  that  of  benzoic  acetate  ;*  and  to  obtain 
the  anhydrous  valerianic  acid,  it  is  necessary  to  rectify  the  product 
several  times. 

The  property  which  anhydrous  acids  possess  of  forming  amides  or 
anilides,  when  they  act  on  ammoniacal  gas  or  on  aniline,  furnished 
the  author  with  the  means  of  preparing  a  new  compound,  viz. : 

ValeraniUde. — This  compound  is  in  fact  produced  when  anhydrous 
valerianic  acid  is  brought  in  contact  with  aniline.  It  crystallizes  in 
splendid,  elongated,  rectangular  lamina,  which  have  a  strong  lustre, 
and  fuse  at  115°.  It  is  slightly  soluble  in  boiling  water,  in  which 
also  it  melts  into  clear  drops.  At  a  temperature  above  220°,  it 
distils  over  for  the  most  part  unchanged.  Alcohol  and  ether  dissolve 
it  readily.  A  concentrated  and  boiling  solution  of  caustic  potash 
acts  on  it  very  slowly ;  fused  hydrate  of  potash  causes  a  perceptible 
evolution  of  aniline. 

The  crystallization  of  this  compound  exhibits  a  remarkable  circum- 
stance, already  observed  by  Gerhardt  in  the  crystallization  of 
formaiiilide.  When  valeranilide  separates  from  its  solution  in  boiling 
dilute  alcohol,  it  often  takes  the  form  of  oily  drops,  which  remain 
permanent  for  several  hours,  even  after  the  liquid  has  become 
perfectly  cold ;  but  on  a  slight  movement  of  the  vessel,  the  whole 
mass  solidifies  almost  instantly  to  a  group  of  fine  needles. 

The  analysis  of  valeranilide  yields  numbers  which  agree  perfectly 
with  the  formula,  C^  H^  NO. 

Anhydrous  Caprylic  Acid.  —  Ilydrated  ca]n-ylic  acid  was  pre- 
pared by  Feb  ling's  method  from  cocoa-nut-oil,  aiul  !sej)aratcd  from 
the  caproic  acid  which  accompanied  it,  by  neutralizing  with  caustic 

*  Chciu.  Soc.  Qu.  J.  V,  22j. 
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baryta,  and  purifying  the  caprylate  of  baryta^  Avhich  crystallizes  out 
first,  by  several  recrystallizations. 

This  baryta-salt  is  very  easily  attacked  by  oxychloride  of  phos- 
phorus, the  action  being  attended  with  but  a  slight  elevation  of 
temperature,  and  the  mixture  changing  to  a  pasty  mass,  from  which 
the  anhydrous  caprylic  acid  may  be  easily  separated  by  ether  free 
from  alcohol.  The  ethereal  solution  is  then  treated  with  weak 
potash,  then  dried  over  chloride  of  calcium,  and  the  ether  driven  off 
by  the  heat  of  the  water-bath. 

Anhydrous  caprylic  acid  (capiylic  caprylate),  thus  obtained,  gave 
by  analysis  numbers  agreeing  perfectly  with  the  formula. 

It  is  a  colourless,  very  mobile  oil,  greasy  to  the  touch,  and  lighter 
than  water.  Its  odour  is  repulsive.  When  heated,  it  gives  off 
vapours  which  irritate  the  throat  strongly,  and  have  an  odour  more 
aromatic  than  that  of  the  oil.  In  a  mixture  of  ice  and  salt,  it 
solidifies  to  a  white  mass,  which  appears  crystalline  only  when 
examined  by  the  microscope.  At  a  few  degrees  below  0°,  it  recovers 
its  fluidity.  Boiling-point  about  280°,  but  rising  towards  the  end  of 
the  distillation  to  290°,  the  residue  in  the  retort  at  the  same  time 
assuming  a  darker  colour,  and  giving  off  empyreumatic,  disagreeably 
smelling  products. 

3Vhen  anhydrous  caprylic  acid  is  brought  into  contact  with  aniline, 
the  mixture  becomes  slightly  heated,  and  in  a  few  days  solidifies  to  a 
buttery  mass.  It  is  probable  that  the  product  of  this  action  is 
Caprylanilide,  or  at  least  that  this  substance  is  one  of  the  products 
formed  thereby ;  but  the  tendency  of  the  mass  to  retain  the  liquid 
state  renders  it  very  difficult  to  obtain  a  pure  product. 

Boiling  water  has  no  action  on  anhydrous  caprylic  acid.  This 
substance  may  indeed  be  distilled  with  water,  without  exhaling  any 
odour  of  hydrated  caprylic  acid;  it  is,  however,  partially  converted 
into  the  hydrate  by  long  exposure  to  the  air.  Moderately  strong 
potash-ley  converts  it,  when  warmed,  into  caprylate  of  potash. 

We  see  then  that,  whereas  anhydrous  acetic  acid  is  converted 
into  the  hydi-ated  acid  by  mere  contact  with  water,  and  anhydrous 
valerianic  acid  quickly  absorbs  water  when  simply  exposed  to  moist 
air,  caprylic  acid,  which  is  a  higher  member  of  this  group  of  homo- 
logous acids,  shows  so  little  tendency  to  unite  with  water,  that  the 
intervention  of  caustic  alkalies  is  necessary  to  convert  it  into  the 
hydrate.  Anhydrous  pelargonic  acid  exhibits  this  resistance  to 
reagents  in  a  still  higher  degree. 

Anhydrous  Pelargonic  Acid. — Prepared  in  a  similar  manner  to 
the   compound  last  described.     Colourless   oil,  lighter  than  water. 
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lu  the  cold,  its  odour  is  faint,  like  that  of  rancid  butter ;  but  when 
put  into  boiling  water  it  imparts  to  the  watery  vapour  an  aromatic, 
slightly  vinous  odour,  which  is  not  at  all  unpleasant.  Heated  by 
itself  upon  glass,  it  emits  pungent  vapours,  which  smell  like 
burnt  fat. 

At  0°  C.  it  solidifies  in  a  mass  of  fine  needles,  which  melt  again 
at  5°.     Its  analysis  gave  numbers  agreeing  exactly  with  the  formula, 

Benzoic  Pelargonate,  or  Pelargonic  Benzoate,  G^qY{22^z  — 
p^  ,T^  Q  1 0. — Colourless  oil,  heavier  than  water,  and  closely  re- 
sembling anhydi'ous  pelargonic  acid  in  its  physical  properties.  At 
a  few  degrees  below  0°  C.  it  changes  to  a  buttery  mass,  which  imme- 
diately resumes  its  liquid  form  when  taken  out  of  the  freezing 
mixture.  When  heated,  it  gives  ofi"  highly  pungent  vapours,  and 
decomposes  at  a  high  temperature,  yielding  anhydrous  benzoic  and 
anhydrous  pelargonic  acid,  accompanied  by  a  few  other  products 
resulting  from  the  decomposition  of  the  latter.  The  change  which 
this  substance  undergoes,  when  heated,  may  be  understood  by 
exposing  it  to  the  action  of  cold;  there  is  then  formed  a  crystalline 
precipitate,  which  does  not  redissolve  till  the  mixture  is  stirred. 

A  drop  of  benzoic  pelargouate,  when  left  to  itself  in  moist  air, 
yields  delicate  crystals  of  benzoic  acid.  With  alkalies,  benzoic 
pelargouate  yields  a  benzoate  and  a  pelargonate. 


On  Sinapiue* 
By   MM.   Balio   and   Hirscbbrunn. 

The  process  employed  by  the  authors  for  separating  sinapine  from 
nmstard  is  as  follows  :  A  considerable  quantity,  at  least  25  lbs.,  of 
mustard  (Dijon  mustard),  is  compressed  to  extract  the  oil,  and  the  resi- 
due exliausted  successively,  by  cold  alcohol  and  hot  alcohol  of  85  per 
cent.  The  alcoholic  liquors  are  mixed  together,  and  distilled  to  about 
three-fourths,  till  a  portion  of  the  residue  separates  on  cooling  into 
two  equal  layers,  the  upper  of  which  is  an  oil,  and  the  lower  an 
alcoholic  solution  of  sul])hocyanide  of  sinapine. f  Sometimes  this 
lower  stratum  solidifies  to  a  magma  of  crystals  of  sulphocyanide  of 
sinapine ;  sometimes  the  crystallization  may  be  brought  about  by 
the  addition  of  small  quantities  of  water  ;  but  in  most  cases  a  syrupy 
liquor  is  obtained,  which  only  deposits  the  sulphocyanide  of  sinapine 
after  careful  evaporation. 

*  Ann.  Gil.  V\\:\\\\\.  LXXXIV,  10;  Ann.  Cli.  Plivs.  [3]  XWVlll,  1(»H. 
t  'nm  snbstan(  <•,  wliicli  tin-  aiitliors  call  sulphocyanuk  of  sinopinch  \\i\i,\.  wliicli  is 
canmioiily  rcgarrtcd  as  niKijiiuc  i(scH'  (viil,  p.  191.) 
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There  is  considerable  difficulty  in  seizing  the  point  at  which  the 
distillation  ought  to  be  stopped.  If  the  concentration  be  not  carried 
far  enough,  the  oil  which  separates  still  contains  alcohol  and  sinapine. 
In  this  case  it  is  best  to  heat  the  oil  gently,  and  add  to  it  an  alcoholic 
solution  of  sulphocyanide  of  potassium. 

The  sulphocyanide  of  sinapine  crystallizes  after  a  few  days.  The 
crystals  are  separated  from  the  somewhat  viscid  mother-liquid  by 
filtration  through  cloth  and  by  pressure,  and  then  dissolved  in  warm 
alcohol  of  90  per  cent.  The  solution,  on  cooling,  yields  crystals 
which  are  to  be  dissolved  in  boiling  water ;  and  the  aqueous  solution, 
after  decolorization  by  animal  charcoal,  deposits  on  cooling  yellowish, 
silky  needles,  united  in  tufts.  These  crystals,  which  resemble  those 
of  sulphate  of  quinine,  dissolve  slowdy  at  ordinary  temperatures,  but 
readily  with  the  aid  of  heat  in  alcohol  and  in  water.  The  solutions 
have  generally  a  yellowish  tint,  but  become  perfectly  colourless  on 
the  addition  of  a  drop  of  acid. 

Sulphocyanide  of  sinapine,  when  pure  and  dry,  may  be  heated  to 
130°  without  alteration.  At  this  temperature  it  melts  into  a  yellow 
liquid,  which,  on  cooling,  is  transformed  into  a  vitreous  mass;  at  a 
higher  temperature,  it  decomposes,  giving  off  vapours  which  have  a 
very  unpleasant  odour,  and  contain  an  alkaloid,  probably  methyla- 
niiue.     Its  analysis  gave  the  following  results  : 


Calculation. 

Experiment. 

I. 

II. 

III. 

34  C    . 

.     .  204 

55-29 

5601 

55-16 

55-09 

25  H    . 

.     .     25 

Q-77 

6-77 

6-88 

6-75 

2N   . 

.     .     28 

7-58 

6-91 

7-93 

7-80 

2S     . 

.     .     32 

8-67 

8-81 

913 

10  0    . 

.     .     80 

21-69 

C34  H25  N2  S2  Ojo  369       100-00 

These  results  differ  considerably  from  those  obtained  by  Henry 
and  Garot. 

Sulphocyanide  of  sinapine  does  not  appear  to  combine  directly  with 
other  bodies,  but  exhibits  the  following  reactions : 

Hot  strong  sulphuric  acid  dissolves  it,  blackening  at  the  same  time, 
and  giving  off  hydrosulphocyanic  acid.  When  a  solution  of  sulpho- 
cyanide of  sinapine  in  dilute  sulphuric  or  in  hydrochloric  acid,  is 
evaporated,  hydrosulphocyanic  acid  is  likewise  evolved,  and  a  liquid 
is  obtained  in  which  crystals  form.  Nitric  acid  instantly  imparts  to 
sulphocyanide  of  sinapine  a  deep  red  colour.  On  heating  the  liquid, 
the  colour  changes  to  yellow,  and  sulphuric  acid  may  afterwards  be 
detected  in  the  solution. 

Alkalies  dissolve  sulphocyanide  of  sinapme,  forming  a  liquid  of  a 
deep  yellow  colour.     This  reaction  is  very  delicate,  and  is  produced 
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by  most  alkaline  substances.  On  adding  an  acid  to  the  alkaline 
solution,  if  not  too  dilute,  the  sulphocyanide  of  sinapine  is  repreci- 
pitated.  On  the  other  hand,  the  solution  is  decomposed  by  boiling, 
and  the  addition  of  an  acid  gives  rise  to  the  formation  of  a  crystalline 
compound,  which  constitutes  a  new  substance.  When  the  solution  of 
sulphocyanide  of  sinapine  is  boiled  with  baryta-water,  the  liquid 
becomes  decolorized,  and  a  yellowish  baryta-compound  is  separated, 
from  Avhich  hydrochloric  acid  separates  the  crystalline  compound  just 
mentioned.     The  solution  contains  hydrosulphocyanic  acid. 

Under  these  circumstances,  there  is  formed  by  the  action  of  alkalies 
on  sinapine,  a  weak  acid,  to  which  the  authors  give  the  name  of 
SiNAPic  Acid  ;  it  is  prepared  as  follows  : 

Pure  sulphocyanide  of  sinapine  is  dissolved  in  potash,  and  the 
solution,  at  a  boiling-heat,  supersaturated  with  hydrochloric  acid. 
The  resulting  precipitate  is  purified  by  dissolving  it  several  times 
in  alcohol  of  60  per  cent,  Sinapic  acid  is  then  obtained,  crystallized 
in  small  prisms,  slightly  soluble  in  cold  water  and  alcohol,  more 
soluble  in  these  liquids  when  hot,  insoluble  in  ether.  This  acid 
combines  with  bases ;  the  salts  which  it  forms  with  the  alkalies  are 
crystallizable,  but  all,  excepting  the  baryta-salt,  are  very  unstable. 

22  C  .  .  .132  58-93  5867  58-92 
12  H  ...  12  5-35  4-87  567 
10  0  ...  80     35-72     36-46     35-41 

^23  Hj2  0,0  .  .  224    100-00     10000    100  00 

The  formula  of  the  baryta-salt  is  2  BaO,  Cjo  Hjq  Og. 

The  solution  of  this  substance  in  potash  or  soda  changes  very 
rapidly  on  exposure  to  the  air,  especially  when  it  is  neutral ;  it  first 
becomes  red,  then  green,  and  ultimately  brown.  Sinapate  of  potash 
forms  white  precipitates  with  chloride  of  calcium,  chloride  of  barium, 
and  alum  ;  it  precipitates  and  reduces  the  solutions  of  mercury,  silver, 
and  gold. 

Heated  to  150°  or  200°  C,  it  melts,  and  at  a  higher  temperature 
decomposes,  yielding  an  oil,  which  has  not  y(!t  been  analyzed.  With 
nitric  acid,  it  behaves  like  sul|)hocyanide  of  sinapine.  In  its  com- 
position and  projjerties,  it  exhibits  a  close  analogy  with  crythric  acid, 
as  described  by  Schuuck  and  Stenhouse. 

SiNCALiNE. — Sinapic  acid  is  not  the  only  product  of  the  action  of 
alkalies  on  sinapine;  for  there  is  likewise  found  an  alkaloid,  to  which 
the  authors  give  the  name  of  Sinca/ine.     It  is  isolated  as  follows  : 

A  considerable  quantity  of  sulphocyanide  of  sinapine  is  heated 
with  baryta-water,  till  all  the  sinapic  acid  is  deposited  in  the  form  of 
a  baryta-salt.  The  solution,  filtered  and  acidulated  with  sulphuric 
acid,  is  then  mixed  with  a  solution  of  protosulphate  of  iron  and 
sulphate  of  copper.  The  sulphocyanide  of  copper,'  which  precipitates, 
is  then  separated   by  filtration,    the   liquid   treated  with  excess   of 
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baryta-water  to  precipitate  the  oxides  of  iron  and  copper,  and  the 
excess  of  baryta  separated  by  carbonic  acid.  The  filtered  sohition, 
evaporated  over  the  water-bath^  yields  a  deliquescent  crystalline 
mass  of  carbonate  of  sincaline. 

To  separate  the  alkaloid,  the  carbonate  is  converted  into  hydro- 
chlorate,  and  the  latter  salt  is  decomposed  by  oxide  of  silver.  By 
evaporating  the  filtered  liquid,  a  colourless  or  slightly  brown  crys- 
talline mass  is  obtained,  which  very  rapidly  absorbs  moisture  and 
carbonic  acid  from  the  air.  This  alkaloid,  in  many  of  its  reactions, 
behaves  like  caustic  potash.  It  precipitates  all  the  metallic  oxides, 
redissolving  alumina  and  oxide  of  chromium  when  added  in  excess. 
It  dissolves  sulphur,  forming  a  sulphide  and  a  hyposulphite.  It  is 
not  volatile,  but  is  decomposed  by  dry  distillation,  giving  off  inflam- 
mable vapours,  with  an  odour  like  that  of  methylamine. 

Sincaline  forms  crystallizable  but  deliquescent  compounds  with 
hydrochloric,  sulphuric,  nitric,  and  carbonic  acids.  The  authors 
have  analyzed  the  double  salts  which  hydrochlorate  of  sincaline  forms 
with  the  chlorides  of  gold  and  platinum.  These  compounds  are 
crystallizable,  and  composed  as  follows  : 

Double  Hydrochlorate  of  Sincaline  and  Platinum. 
Calculation.  Experiment. 


IOC  .     . 

.     600 

19-34 

19-73 

19.58 

15  H  .     . 

.     15-0 

4-83 

5-16 

5-10 

N  .     . 

.     14.-0 

4-73 

20  .     . 

.     160 

4-96 

t 

3  CI,     . 

.  106-5 

34-33 

Pt.     . 

.     98-7 

31-81 

31-36 

310-2        100-00 
Double  Hydrochlorate  of  Sincaline  and  Gold. 


Calculal 

:ion. 

Experiment. 

IOC  .     . 

.     .     60-0 

13-50 

13-63 

15  H  .     . 

.     .     150 

3-38 

338 

N  .     . 

.     .     14-0 

3-15 

20  .     . 

.     .     160 

3-61 

3  CI.     . 

.     .  106-5 

32  02 

Au  .     . 

.     .  1990 

44-34 

44-54 

410-5       100-00 
According  to  these  analyses,  sincaline  contains : 

C,oH,,N03  =  qoH,,N02,HO. 
It  is,  therefore,  an  oxygenated  alkaloid,  and,  from  a  general  view  of 
its  properties,  may  be  regarded  as  belonging  to  the  fourth  class  of 
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the  alkaloids  discovered  by  Hofmann,  differing  from  these,  however, 
in  one  circumstance — viz.,  that  its  gold-  and  platinum-salts  contain 
oxygen. 

SiNAPiNE. — The  composition  of  sinapic  acid  and  of  sincaline  affords 
a  satisfactory  explanation  of  the  decomposition  of  sulphocyanide  of 
sinapine  by  baryta-water.  This  decomposition  is,  in  fact,  expressed 
by  the  following  equation  : 

C3,H,5N2S20io  +  3  BaO  =  C^NS,  Ba  +  CioHi^NOg 

Sulphocyanide  of  Sulphocyanide         Sincaline. 

Sinapine.  of  Barium. 

+  C2^Hio08,  2  BaO 

Sinapate  of  Barjta. 

It  still,  however,  remains  to  be  determined  whether  this  body  is 
to  be  regarded  as  the  sinapate  of  a  copulated  base  composed  of  sin- 
caline and  hydrosulphocyanic  acid,  like  Fritzsche^s  cyanharmaline 
or  Hofraann's  cyaniline,  or  as  the  snlphocyanogen-compound  of  an 
alkaloid  containing  the  elements  of  sincaline  and  sinapic  acid.  For 
the  decision  of  this  question,  it  is  of  great  importance  to  know  that 
there  exist  two  modifications  of  sulphocyanide  of  sinapine,  one  of 
which  reddens  ferric  salts  immediately,  like  every  other  sulpho- 
cyanide, while  the  other  docs  not  produce  that  effect  without  the 
aid  of  heat.  This  circumstance  explains  the  discrepancy  existing  in 
the  statements  of  different  authors  respecting  the  so-called  sinapine, 
some  asserting  that  it  reddens  iron-salts,  while  others  say  that  it 
does  not. 

The  following  reaction  appears  to  throw  still  further  light  upon 
this  question. 

AVhen  a  small  quantity  of  strong  sulphuric  acid  is  added  to  a  hot 
concentrated  solution  of  sulphocyanide  of  sinapine  in  alcohol  of 
90  per  cent,  the  liquid  deposits,  on  cooling,  a  quantity  of  rectangular 
laminae,  which  completely  fill  it.  These  crystals  consist  of  the  acid 
sulphate  of  a  new  alkaloid,  to  which  the  authors  give  the  name  of 
Sinapine,  regarding  it  as  the  base  of  the  sulphocyanide  of  sina- 
pine. By  filtration  and  washing  with  absolute  alcohol,  these 
crystals  may  be  separated  from  the  mother-liquor,  which  contains 
hydrosulphocyanic  acid.  Dried  at  100°,  they  contain  C32H26NO,2, 
2  SO3,  as  shown  by  the  following  analysis  : 


Calculation. 

Experiment, 

32  C  .     . 

.     .     192 

4706 

4G-99 

2G  H  .     . 

.     .       26 

6-37 

6-37 

N  .     . 

.     .       14 

3-43 

— 

120  .     . 

.     .       9G 

23-53 

— 

2  SO,  .     . 

.     .       80 

19-Gl 

19-82 

CgoIIsoNO,,,  2  SO3  408         100-00 
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The  formation  of  this  salt  is  represented  by  the  following  equa- 
tion : 

C34H25N2S2Ol0  +  2IIO  +  2SO3  =  C32H26NO,2,  2SO3+C2NS2H. 

In  the  crystallized  state,  this  acid  salt  likewise  contains  4  atoms  of 
water  of  crystallization^  which  it  g-ives  off  at  110''.  It  has  a  strongly 
acid  reaction,  and  dissolves  readily  in  water  and  in  boiling  alcohol^ 
from  which  it  separates  again  on  cooling. 

All  attempts  to  isolate  the  base  in  the  solid  state  failed,  in  conse- 
quence of  the  facility  with  which  it  se])arates  into  sinapic  acid  and 
sincaline.  But  on  adding  baryta-water  to  a  solution  of  the  acid 
sulphate  of  sinapine,  sulphate  of  baryta  is  precipitated,  and  the  re- 
maining solution,  when  freed  from  excess  of  baryta  by  careful  addition 
of  sulphuric  acid,  forms  an  intensely  yellow  liquid,  having  a  distinctly 
alkaline  reaction,  and  capable  of  precipitating  many  metallic  oxides 
from  their  solutions.  The  solution,  when  evaporated,  turns  first  green 
and  then  red,  and  leaves  a  non-crystalline  residue,  from  w^hich  no 
definite  compound  is  extracted,  either  by  alcohol  or  by  ether.  When 
the  solution  of  the  acid  sulphate  is  boiled  with  oxide  of  lead,  the 
sinapine  appears  to  form  a  compound  with  this  base.  On  boiling  the 
same  solution  with  excess  of  potash  or  baryta,  the  sinapine  is  imme- 
diately resolved  into  sinapic  acid  and  sincaline. 

The  salts  of  sinapine  are  colourless,  and  more  stable  than  the  base 
itself.  The  neutral  sulphate  is  obtained  by  neutralizing  the  second 
equivalent  of  sulphuric  acid  in  the  acid  sulphate  with  baryta-water, 
then  filtering  and  evaporating.  It  forms  a  very  soluble  crystalline 
mass,  from  the  solution  of  which  the  hydrochlorate  or  nitrate  may  be 
formed  by  careful  addition  of  chloride  of  barium  or  nitrate  of  baryta. 
Both  these  salts  crystallize  in  delicate,  very  soluble  needles.  On 
heating  cither  of  these  salts  with  a  solution  of  sulphocyanide  of 
potassium,  sulphocyanide  of  sinapine  is  reproduced,  and  crystallizes 
on  cooling,  exhibiting  all  the  properties  of  the  original  substance. 

From  all  these  facts,  we  may  conclude  that  the  substance  extracted 
from  mustard  is  the  sulphocyanide  of  a  copulated  base,  the  true  sina- 
pine, which  is  very  unstable,  and  separates  with  the  greatest  facility 
into  sinapic  acid  and  sincaline. 
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XVII. —  On  the  Amides. 
By  C.  Gerhardt. 

(from  a  letter  to  dr.  AVI  l  LI  am  son.) 

In  my  paper  on  the  anhydrous  acidsj  I  have  advanced  the  opinion 
that  the  majority  of  organic  compounds  hitherto  well  known  may  be 
derived  from  a  very  small  number  of  types,  belonging  to  mineral 
chemistry  —  such,  for  instance,  as  water,  hydrochloric  acid,  am- 
monia, &c.  Considered  as  terms  of  a  series,  the  bodies  derived  from 
each  of  these  types  have  not  identical  properties ;  their  properties  are, 
in  fact,  progressive,  the  difference  between  them  increasing  with  the 
interval  between  the  places  in  the  series  which  they  occupy.  Ac- 
cording to  this  view,  we  may  comprehend  under  one  type,  acids, 
bases,  and  neutral  bodies,  the  acids  being  placed  at  one  end  of  the 
series,  the  bases  at  the  other,  and  the  neutral  bodies  which  form  the 
transition  between  the  tsvo  extremes  occupying  the  middle  place.  If, 
for  the  sake  of  simplification,  we  designate  the  two  extremes  by  the 
words  positive  and  negative,  we  may  say  that  there  are  groups,  or 
organic  radicals,  such  as  methyl,  ethyl,  phenyl,  which  being  substituted 
for  the  hydrogen  of  the  preceding  types,  produce  positive  derivatives 
— that  is  to  say,  bodies  more  or  less  resembling  bases ;  whilst  other 
groups  or  radicals,  such  as  othyl*  (or  acetyl),  benzoyl,  cumyl,  give  rise, 
by  a  similar  substitution,  to  negative  derivatives,  or  bodies  more  or  less 

*  The  term  "  otliyl"'  lias  been  substituted  for  "  acetyl"  at  the  suggestion  of  ])r.  ^Vil- 
liamson,  to  avoid  confusion  between  tlie  oxygen-radical  C.,11-,0  and  the  hydrocarlion 
CjHj,  to  which  the  name  of  "  acetyl"  has  long  been  applied. 
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analogous  to  acids.  This  point  appears  to  nic  to  be  now  completely 
established  with  regard  to  the  derivatives  of  the  water  or  oxide  type, 
including  the  alcohols,  ethers,  hydrated  acids  and  anhydrous  acids  ; 
and  it  is  no  less  evident  in  the  derivatives  of  the  hydrochloric  acid 
type,  comprising  the  chlorides  which  correspond  to  these  different 
organic  oxides. 

With  respect  to  the  derivatives  of  the  ammonia  type,  chemists, 
doubtless  relying  on  the  constancy  of  chemical  characters  exhibited 
by  the  derivatives  of  the  same  type,  have  regarded  ammonia  as  the 
type  of  those  bodies  only  which  have  strongly  marked  alkaline 
properties.  In  this  point  of  view,  the  beautiful  researches  of 
Dr.  Hofmann  on  the  organic  bases  have  enriched  science  with  a 
considerable  number  of  compounds.  But  these  occupy  only  one 
extremity  of  the  series — that  is  to  say,  the  positive  extremity,  already 
occupied  by  alcohol  and  ether,  or  in  general  by  those  organic  oxides 
which  are  similar  to  bases,  and  contain  the  same  radicals  as  the 
alkaline  ammonias  themselves.  But  if,  as  I  suj^pose,  the  properties 
of  the  derivatives  of  the  same  type,  instead  of  being  constant,  vary  in 
regular  series,  then  there  must  also  exist  ammonias  occupying  the 
negative  extremity  of  the  series,  together  with  the  hydrated  and 
anhydrous  acids  ;  in  other  words,  the  same  groups  or  radicals  which, 
by  substitution  for  1  or  2  atoms  of  hydrogen  in  water,  give  rise  to 
hydrated  or  anhydrous  acids,  must  also  be  able  to  take  the  place 
of  1,  2  or  3  atoms  of  hydrogen  in  ammonia,  and  thus  produce  neutral 
ammonias,  and  ammonias  more  or  less  acid.  From  this  point  of 
view,  the  already  known  amides  of  monobasic  acids  may,  I  think,  be 
regarded  as  realizing  the  substitution  of  the  first  atom  of  hydrogen  in 
ammonia  by  an  acidifying  group  (benzoyl,  othyl,  cumyl)  ;  we  know, 
in  fact,  that  these  amides  are  feeble  acids,  in  which  an  atom  of 
hydrogen  may  be  replaced  by  mercury,  silver,  &c.  But  to  complete 
the  demonstration,  it  still  remains  to  effect  the  same  substitutions  on 
the  other  2  atoms  of  hydrogen  in  ammonia.  This  is,  in  fact,  what 
M.  Chiozza  and  myself  have  endeavoured  to  do,  by  the  experiments 
which  I  proceed  to  describe. 

At  the  commencement  of  this  research  an  important  point  demanded 
our  attention — namely,  the  preparation  of  the  amides  required  for  our 
experiments — preparations  often  lengthy  and  tedious  when  carried  on 
by  the  usual  processes.  These  we  replace  by  a  very  simple  and 
expeditious  method,  which  consists  in  treating  the  solid  commercial 
carbonate  of  ammonia  directly  with  the  chloride  corresponding  to  the 
acid  whose  amide  we  wish  to  obtain.  The  action  is  immediate,  carbonic 
acid  is  disengaged,  and  a  simple  washing  with  cold  water  dissolves 
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the  chloride  of  ammonium  formed  in  the  reaction.  In  this  manner, 
large  quantities  of  benzamide,  cuminamide,  sulphophenylamide,*  &c., 
may  be  obtained  with  the  greatest  ease.  The  negative  chlorides 
required  for  these  preparations  are  obtained  by  means  of  the 
perchloride  or  oxychloride  of  phosphorus.  In  place  of  the  chlorides, 
the  corresponding  anhydrous  acids  may  be  used. 

The  amides  thus  produced,  which  we  shall  call  jjriinary  amides, 
represent  a  molecule  of  ammonia  in  which  1  atom  of  hydrogen  is 
replaced  by  the  negative  radicals,  benzoyl,  cumyl,  othyl,  salicyl, 
sulphophenyl,  &c. 

/C.H.O  /C,H,0.  .CoH„0  rC.H.SO. 


N        H  N        H  N        H  N        H 

(      H  (      H  (      H  t      H 

Benzoylamide.  Salicylamide.  Othylaraide.  Sulphophenylamide. 

(  Cio  Hii  0 
N  H 

'        H 

Cumylamide. 

To  convert  the  preceding  compounds  into  secondary  amides,  or 
amides  representing  a  molecule  of  ammonia  in  which  2  atoms  of 
hydrogen  are  replaced  by  the  negative  radicals,  we  heat  these  primary 
amides  with  an  equivalent  quantity  of  chloride  of  benzoyl,  of  cumyl, 
sulphophenyl,  &c.  Abundant  fumes  of  hydrochloric  acid  are  dis- 
engaged, and  a  residue  is  left  consisting  of  the  secondary  amide. 
These  operations  must  be  conducted  at  a  determinate  temperature ; 
for  some  primary  amides,  when  heated  too  strongly,  spontaneously 
suffer  a  secondary  decomposition,  resulting  in  the  formation  of  nitriles 
(cyanides  of  the  alcohol-radicals).  This  secondary  decomposition 
often  interferes  considerably  with  the  results  of  these  experiments, 
and  renders  their  execution  much  more  difficult  than  would  at  first  be 
supposed.  The  secondary  amides  may  likewise  be  produced,  in 
certain  cases,  by  the  action  of  the  anhydrous  acids  on  the  primary 
amides. 

With  regard  to  the  tertiary  amides,  representing  a  molecule  of 
ammonia  in  which  the  3  atoms  of  hydrogen  are  replaced  by  negative 
groups,  their  preparation  is  generally  easier  than  that  of  the  secondary 
amides  ;  for  these,  having  much  more  strongly  marked  acid  properties 
than  the  primary  amides,  form  metallic  salts  more  easily,  and  these  are 
acted  upon,  even  in  the  cold,  by  the  chlorides  of  benzoyl,  cumyl,  &c. 

It  is  then  by   double    decomposition    that  we  produce  our  new 

*  The  amide  of  Mitscherlich's  sulphobenzidic  acid. 

o  2 


196  MR.  C.  GERHAUDT  ON  THE  AMIDES. 

amides — that  is  to  say,  by  the  same  reaction  which  gives  rise  to  the 
ethers,  alkalies,  and  anhydrous  acids. 

Among  the  new  compounds  which  we  have  already  obtained,  I 
may  mention 

Benzo-salicylamide N^CyH^O. 

{      H 

This  substance  crystallizes  in  extremely  thin  needles,  insoluble  in 
water,  slightly  soluble  in  alcohol,  very  soluble  in  the  alkalies.  Its 
alcoholic  solution  reddens  litmus.  It  easily  forms  salts  with  silver, 
lead,  copper,  &c. 

Cwno-salkylamide N  |  C^q  H^^  0 

(       H 

is  similar  to  the  preceding  amide. 

(C,H,SO, 
Benzo-sulphophenylamide N  ]  C„  H.  0 

(      H 

crystallizes  in  beaiitiful  flattened  needles,  strongly  acid,  slightly 
soluble  in  water,  easily  soluble  in  alkalies.  It  easily  forms  salts,  with 
bases. 

The  silver-salt,  or 

(C,  H5  SO, 
Argento-benzo-sidphophenylamide      .     .     .     .     N  ]  C^g  ^11  ^ 

'        Ag 

is  obtained  in  beautiful  colourless  needles,  soluble  in  boiling  water. 

(  Cg  H5  SOo 
Dibenzo-sulphophenylamide N  <  C^  H5  0 

crystallizes  from  ether  in  magnificent  prisms,  truncated  with  octohedral 
faces,  and  having  a  diamond-lustre.  This  compound  bears  the  same 
relation  to  the  preceding  body  that  anhydrous  benzoic  acid  bears  to 
benzoate  of  silver,  or  to  hydrated  benzoic  acid. 

(Cg  H5  SO, 
Cumo-henzo-sulphophenylamide N  |  C-,  Hj  0 

crystallizes  in  needles 
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Dibenzo-phenylamide  {Dibenzanilide)     .     .     .     N  /  C^  Hg  0 

(C,H,0 

forms  beautifully  brilliant  needles,  slightly  soluble  in  cold  alcohol. 

We  are  at  present  engaged  in  the  study  of  the  preceding  bodies, 
and  of  many  similar  compounds.  The  number  of  the  organic  acids 
which  form  chlorides  and  anhydrous  acids  being  very  large,  we  may 
vary  almost  infinitely  the  substitutions  by  negative  radicals,  and  thus 
form  a  vast  number  of  new  bodies.  There  is  little  doubt  that  many 
of  the  nitrogen-acids  contained  in  plants  exhibit  a  constitution  similar 
to  that  of  our  new  amides. 

In  a  future  conmumication  I  propose  to  speak  of  the  Diamides 
(amides  of  bibasic  acids),  such  as  oxamide,  of  the  Acid  Amides,  and  the 
Hydramides  (such  as  hydrobenzamide).  The  acid  amides  evidently 
correspond  to  the  hydrated  oxide  of  ammonium  ;  they  occupy  one 
extremity  of  the  series,  at  the  other  end  of  which  are  found  the 
alkalies  discovered  by  Dr.  Ilofmann  (hydrated  oxide  of  tetrethyl- 
ammonium),  &c. 


XVIII. —  On  an  Improved  Apparatus  for  the  Analysis  of  Gases. 
By  Dr.  E.  Frankland,  F.R.S.  and  W.  J.  Ward,  Esq. 

Notwithstanding  the  acknowledged  importance  of  the  investigation 
of  gaseous  bodies,  it  is  only  within  a  comparatively  recent  period  that 
this  branch  of  chemical  research  has  received  that  attention  which  it 
so  well  deserves. 

When  B  unsen,  in  the  prosecution  of  his  admirable  researches  on  the 
gases  evolved  from  the  iron-furnaces  of  Germany,*  attempted  to  apply 
to  the  analysis  of  those  gases  the  best  methods  known  at  that  time,  he 
found  himself  compelled,  by  the  great  imperfections  and  inaccuracies 
of  those  methods,  to  re-investigate  and  remodel  the  whole  subject  of 
gaseous  analysis.  Commencing  with  the  construction  of  the  eudio- 
meters themselves,  and  ado])tiiig  the  simple  plan  of  graduation  inde- 
pendent of  volume,  with  subsequent  calibration  or  determination  of 
the  actual  value  of  each  division  of  this  independent  graduation,  he 
attained  a  degree  of  accuracy  in  the  measurement  of  volumes  which 
left  nothing  to  be  desired  in  this  department.     He  then  obviated  the 

*  Fogg.  Ami.  13(1.  XLVI,  193;  L,  81,  673. 
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inaccuracies  inseparable  from  the  introduction  of  liquid  solvents  into 
the  measuring-tubes,  by  the  employment  of  those  solvents  or  ab- 
sorbents in  the  dry  state,  in  the  form  of  little  bullets  cast  upon 
platinum  or  steel  wires.  Thus  the  inner  walls  of  the  eudiometers 
were  preserved  free  from  adhering  impurity,  whilst  the  convexity  of 
the  internal  mercury  was  kept  uniform.  By  further  improvements  in 
the  absorbents  employed,  the  determination  of  the  limits  of  perfect 
combustion  in  the  explosion  of  gases  with  oxygen  and  hydrogen,  and 
many  other  important  points  connected  with  the  true  measurement 
of  gaseous  volumes.  Bun  sen  brought  this  branch  of  chemical  analysis 
to  a  state  of  perfection  which,  as  shown  by  numerous  researches  made 
by  himself,  by  Playfair,  Kolbe,  and  others,  left,  so  far  as  delicacy 
and  perfect  accuracy  were  concerned,  scarcely  either  room  or  desire 
for  further  impi'ovement. 

It  was  however  necessary,  for  the  successful  carrying  out  of  these 
methods,  that  a  room  of  tolerably  constant  temperature  should  be 
appropriated  exclusively  to  this  object,  and  that  an  interval  of  from 
half  an  hour  to  one  hour  should  be  allowed  between  each  determi- 
nation of  volume  in  order  that  the  gas  in  the  eudiometer  might 
perfectly  assume  the  temperature  of  the  circumambient  air.  These 
circumstances,  though  of  little  importance  in  the  perfonnance  of 
occasional  gas  analyses,  become  serious  considerations  when  a  large 
"number  of  such  analyses  have  to  be  made  consecutively,  as  the 
expenditure  of  time  and  space  becomes  in  such  cases  very  great. 

For  the  removal  of  this  difficulty  we  are  indebted  to  Regnault, 
who,  by  enclosing  the  eudiometer  in  a  cylinder  tilled  with  water, 
renders  the  equalization  of  the  temperature  of  the  gas  and  the 
external  medium,  the  work  of  a  few  seconds  only ;  thus  greatly 
reducing  the  time  occupied  by  an  analysis,  and  obviating  the  necessity 
for  an  apartment  exclusively  appropriated  to  gaseous  investigations. 
This  chemist  has  also  further  facilitated  the  various  operations  upon 
gaseous  mixtures,  by  a  more  convenient  division  of  the  apparatus  into 
two  parts,  the  one  for  absorption  and  the  other  for  measurement, 
than  that  employed  by  Bunsen;  as  also  by  adopting  the  admirable 
method  of  always  determining  the  gaseous  volumes  when  saturated  with 
aqueous  vapour.  Unfortunately,  these  great  advantages  are  in  some 
respects  diminished  by  a  somewhat  less  amount  of  delicacy  in  the 
manner  of  determining  the  volumes:  M.  Regnault  maintains  the 
volume  of  the  gases  during  an  analysis,  constant,  and  measures  the 
amount  of  pressure  exercised  by  that  constant  volume,  over  or  under 
the  pressure  of  the  atmosphere,  expressed  in  millimetres  of  mercuiy. 
This  method,  though  unexceptionable  in  principle,  has  yet  the  dis- 
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advantage  in  practice,  that  considerable  changes  of  volume  are  repre- 
sented by  small  numerical  expressions  when  compared  with  those 
obtained  by  Bunsen's  method.  This  is  more  especially  the  case 
with  the  first  determination  in  an  analysis,  great  delicacy  in  which 
is  usually  of  much  greater  importance  than  in  the  subsequent 
readings. 

To  illustrate  more  clearly  what  w^e  here  mean,  we  give  the  deter- 
mination of  a  small  percentage  of  carbonic  acid,  contained  in  a  small 
volume  of  gas,  by  the  two  methods  : 

BY    bunsen's    method. 

Absorbed  Difference  of      Heigbt  of        Corrected  vol.  at 

volume.    Temp,   mercurj-  level,    barometer.   0"  C.  and  1™  pressure. 

Vol.  ofgas  used  (dry)   330-2       0"  C.        550-4"'"  7G0-0°"°  6920 

Vol.  after  absorption 

of  CO.,  (dry).     .3278       0"  „         549-6,,  760-1,,  69-00 

BY    REGNAULT's    method. 

Observed  pressure.      Temp.  Barometer.    Corrected  pressure. 

Gas  used  (moist)      .     .     —686-2  0^  C.  760-0'""'  69-2 

After    absorption   of  CO.j 

(moist)        ....    '—686-5  Qo  „  760-1,,  69-0 

Percentage  of  carbonic  acid  =  0'28. 

Let  us  now  suppose  that  an  error  of  -^^-^^  of  a  millimetre  was  made 
in  the  first  observation  in  each  of  the  above  methods,  and  that  thus 
the  volume  of  gas  used  was  read  off  according  to  Bunsen's  method 
330*1  vols.,  and  according  to  Regnault's  method— 686-3.  The 
percentage  of  carbonic  acid  by  the  two  methods  would  then  be  as 
follows  : 

Carbonic  acid  per  cent  (Bunsen's  method)  .     .     .     0*.260 
,,  „         „         (llegnault's  method)     .     .     0'145 

Thus  the  error  in  the  one  case  would  amount  to  only  "O-Q  per  cent, 
whilst  in  the  other  it  would  be  nearly  7  times  as  great,  and  might 
even  cause  the  carbonic  acid  to  be  entirely  overlooked. 

In  endeavouring  to  remedy  this  defect,  and  at  the  same  time  to 
combine  the  advantages  of  the  two  methods,  we  proposed  to  our- 
selves the  following  qualifications  as  highly  desirable  in  a  good  appa- 
ratus for  the  analysis  of  gases. 

1.  The  determinations  of  the  gaseous  volumes  should  be  made  in  a 
manner  entirely  independent  of  the  pressure  and  tem])erature  of  the 
external  atmosphere. 

2.  Such  determinations  of  volume  should  also  be  self-correcting  as 
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regards  the  tension  of  aqueous  vapour  and  the  variations  in  the  density 
of  mercury. 

3.  Each  change  of  volume  should  be  expressed  by  a  numerical 
difference  as  large  as  possible. 

4.  In  order  to  avoid  the  inconvenience  and  loss  of  time  occasioned 
by  tedious  calculations,  references  to  tables,  &c.,  the  numerical  ex- 
pression of  each  volume  actually  read  off  should  either  be  the  true 
and  corrected  volume,  or  a  number  from  which  such  volume  can  be 
at  once  obtained  by  the  most  simple  arithmetical  process. 

The  advantage  of  securing  the  first  and  second  of  these  qualifica- 
tions is  sufficiently  obvious;  for  whilst  we  can  then  carry  on  the 
operations  of  gaseous  analysis  without  an  apartment  of  nearly  constant 
temperature  set  apart  for  the  purpose,  the  accuracy  of  our  results  is 
also  not  liable  to  be  affected  by  any  errors  that  may  have  been  made 
in  the  determination  of  the  expansion  of  gases  by  heat,  the  tension  of 
aqueous  vapour,  and  the  expansion-coefficient 
of  mercury.  The  tliird  and  fourth  qualifica- 
tions are  also  scarcely  of  inferior  importance, 
the  one  for  securing  delicacy  in  the  readings, 
and  the  other  for  economizing  time  and  ena- 
bling the  operator  to  see  the  corrected  results 
of  his  experiments  during  their  progress,  an 
advantage  which  can  be  best  appreciated  by 
those  who  have  had  to  make  large  numbers 
of  consecutive  gas  analyses. 

In  constructing  an  apparatus  to  combine 
the  foregoing  qualifications,  we  have  taken  as 
a  model  the  ingenious  and  very  convenient 
arrangement  of  MM.  Regnault  and  Reiset, 
with  the  mechanical  arrangements  of  which, 
our  apparatus,  though  different  in  principle, 
has  much  in  common. 

Our  instrument,  which  is  represented  by 
the  accompanying  figure  consists  of  the 
tripod  A  furnished  with  the  usual  levelling 
screws,  and  carrying  the  vertical  pillar  B  B, 
to  which  is  attached,  on  the  one  side,  the 
moveable  mercury-trough  C,^  with  its  rack 
and  pinion  a  a,  and  on  the  other  the  glass 
cylinder  DD  with  its  contents.     This  cylinder  is  36  inches  long  and 

*  The  mercury-trough,  induding  its  tubular  well  b,  may  be  conveniently  constructed 
of  gutta-percha. 
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4  inches  internal  diameter;  its  lower  extremity  is  firmly  cemented 
into  an  iron  collar  c,  the  under  surface  of  which  can  be  screwed 
perfectly  water-tight  upon  the  bracket-plate  d  by  the  interposition  of 
a  vulcanized  caoutchouc  ring.  The  circular  iron  plate  d  is  perforated 
with  three  apertures,  into  which  the  caps  e  e  e  are  screwed,  and 
which  communicate  below  the  plate  with  the  T-piece  E  E.  This 
latter  is  furnished  with  a  double-way  cock  /  and  a  single-way  cock 
g,  by  means  of  which  the  tubes  cemented  into  the  sockets  e  e  e  can 
be  made  to  communicate  with  each  other  or  with  the  exit-pipe  h 
at  pleasure. 

F  G  H  are  three  glass  tubes,  which  are  firmly  cemented  into 
the  caps  e  e  e.  F  and  H,  which  are  only  slightly  shorter  than 
the  glass  cylinder,  are  each  from  15°'""  to  20"""  internal  diameter, 
and  are  selected  of  as  nearly  the  same  bore  as  possible,  to 
avoid  a  difference  of  capillary  action.  The  tube  G  is  somewhat 
wider,  and  may  be  continued  to  any  convenient  height  above 
the  cylinder.  H  is  accui-ately  graduated  with  a  millimetre  scale, 
and  is  furnished  at  top  with  a  small  funnel  i,  into  the  neck  of 
which  a  glass  stopper,  about  2"'"  in  diameter,  is  carefully  ground. 
The  tube  F  terminates  at  its  upper  extremity  in  the  capillary-tube  k, 
which  is  carefully  cemented  into  the  small  steel  stop-cock  /.  F  has 
also  fused  into  it  at  m  two  platinum-wires  for  the  passage  of  the 
electric  spark.  After  this  tube  has  been  firmly  cemented  into  the 
cap  e,  its  internal  volume  is  accurately  divided  into  ten  perfectly 
equal  parts,  which  is  effected  without  difficulty  by  first  filling  it  with 
mercury  from  the  supply-tube  G,  up  to  its  junction  with  the  capillary 
attachment,  and  then  allowing  the  mercury  to  run  off  through  the 
nozzle  h  until  the  highest  point  of  its  convex  surface  stands  at  the 
division  1 0,  previously  made  so  as  exactly  to  coincide  with  the  zero  of 
the  millimetre  scale  on  H ;  the  weight  of  the  mercury  thus  run  off  is 
carefully  determined,  and  the  tube  is  again  filled  as  before  and  divided 
into  ten  equal  parts,  by  allowing  the  mercury  to  run  off  in  successive 
tenths  of  the  entire  weight,  and  marking  the  height  of  the  convexity 
after  each  abstraction  of  metal.  By  using  the  proper  precautions  with 
regard  to  temperature,  &c.,  an  exceedingly  accurate  calibration  can, 
in  this  way,  be  accomplished. 

The  absorption-tube  /is  supported  by  the  clamp  n,  and  connected 
with  the  capillary-tube  k  by  the  stop-cock  and  junction-piece  I'  JJ  in 
exactly  the  same  manner  as  in  Rcgnault's  apparatus. 

When  the  instrument  is  thus  far  complete,  it  is  requisite  to  ascertain 
the  height  of  each  of  the  nine  upper  divisons  on  the  tube  above 
the    lowest    or    tenth    division.      This    is    vcrv    accurately    effected 
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in  a  few  minutes  by  carefully  levelling  the  instniment,  filling  the 
tube  G  with  mercury,  opening  the  cock  /  and  the  stoppered  funnel 
i,  and  placing  the  cock  /  in  such  a  position  as  to  cause  the  tubes 
F  H  to  communicate  with  the  supply-tube  G.  On  now  slightly 
turning  the  cock  g,  the  mercury  will  slowly  rise  in  each  of  the  tubes 
F  and  H ;  when  its  convex  surface  exactly  coincides  with  the  ninth 
division  on  F,  the  iniiux  of  metal  is  stopped,  and  its  height  in  H 
accurately  observed ;  as  the  tenth  division  on  F  corresponds  with  the 
zero  of  the  scale  upon  H,  it  is  obvious  that  the  number  thus  read  off 
is  the  height  of  the  ninth  division  above  that  zero-point.  A  similar 
observation  for  each  of  the  other  divisions  upon  F  completes  the 
instrument. 

Before  using  the  apparatus,  the  large  cylinder  D  D  is  filled  with 
water,  and  the  internal  walls  of  the  tubes  F  and  H  are  once  for  all 
moistened  wnth  distilled  water  by  the  introduction  of  a  few  drops  into 
each,  through  the  stop-cock  /  and  the  stoppered  funnel  i.  The  three 
tubes  being  then  placed  in  communication  with  each  other,  mercury  is 
poured  into  G  until  it  rises  into  the  cup  i,  the  stopper  of  which  is 
then  firmly  closed.  When  the  mercury  begins  to  flow  from  /,  that 
cock  is  also  closed.  The  tubes  F  and  H  are  now  apparently  filled 
with  mercury,  but  a  minute  and  imperceptible  film  of  air  still  exists 
between  the  metal  and  glass ;  this  is  effectually  got  rid  of  by  connecting 
i^  and  i/ with  the  exit-tube  h  and  allowing  the  mercury  to  flow  out 
until  a  vacuum  of  several  inches  in  length  has  been  produced  in  both 
tubes;  on  allowing  the  instrument  to  remain  thus  for  an  hour,  the 
whole  of  the  film  of  air  above  mentioned  will  diffuse  itself  into  the 
vacuum,  and  will  become  visible  as  a  minute  bubble  in  each  tube  on 
allowing  the  vacuum  to  be  filled  up  from  the  supply-tube  G.  These 
bubbles  are  of  course  easily  expelled  on  momentarily  opening  the 
cock  /  and  the  stopper  i  whilst  G  is  full  of  mercury.  The  absorption- 
tube  /  being  then  filled  with  quicksilver,  and  attached  to  /  by  the 
screw  clamp,  the  instrument  is  ready  for  use. 

In  localities  where  a  constant  supply  of  water  from  street  mains 
can  be  had,  the  temperature  of  the  water  in  the  cylinder  D  D  can  be 
maintained  perfectly  constant  by  allowing  a  continuous  stream,  direct 
from  the  main,  to  flow  into  the  bottom  of  the  cylinder  and  make 
its  exit  near  the  top.  By  this  arrangement,  it  has  been  proved  by 
one  of  us,  in  an  extensive  series  of  experiments,  that  the  temperature 
of  a  cylinder  supplied  from  the  Manchester  high -pressure  mains  does  not 
vary  more  than  0-02°  C.  in  twelve  hours,  a  variation  which  scarcely 
requires  correction  in  the  most  delicate  experiments. 

In  illustration  of  the  manner  of  using  our  apparatus,  we  will  take 
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as  an  example  an  analysis  of  atmosplieric  air.  A  few  cubic  inches  of 
air  freed  from  carbonic  acid  having  been  introduced  into  the  tube  /, 
it  is  transferred  into  F  for  measurement  by  opening  the  cocks  1 1'  and 
placing  the  tube  i'^in  comuumication  with  the  exit-pipe  h ;  the  trans- 
ference can  be  assisted,  if  needful,  by  elevating  the  ti-ough  C.  When 
the  air,  followed  by  a  few  drops  of  mercury,  has  passed  completely 
into  F,  the  cock  I  is  shut,  and/turned  so  as  to  connect  F  and  //"with  h. 
Mercury  is  allowed  to  flow  out  until  a  vacuum  of  2  or  3  inches  in  length 
is  formed  in  H,  and  the  metal  in  i^is  just  below  one  of  the  divisions:  the 
cock  /  is  then  reversed,  and  mercury  very  gradually  admitted  from  G 
until  the  highest  point  in  F  exactly  corresponds  with  one  of  the 
divisions  upon  that  tube ;  we  will  assume  it  to  be  the  sixth  division. 
This  adjustment  of  mercury  and  the  subsequent  readings  can  be  very 
accurately  made  by  means  of  a  small  horizontal  telescope  placed  at  a 
distance  of  about  6  feet  from  the  cylinder,  and  sliding  upon  a  vertical 
rod.  The  height  of  the  mercury  in  H  must  now  be  accurately  deter- 
mined, and  if  from  the  number  thus  read  off,  the  height  of  the  sixth 
division  above  the  zero  of  the  scale  on  H,  be  deducted,  the  remainder 
will  express  the  true  volume  of  the  gas ;  but  in  order  to  compare  this 
with  subsequent  readings  made  at  other  divisions  upon  F,  the  number 
thus  obtained,  which  evidently  represents  the  pressure  of  the  gas,  is 
reduced  to  what  it  would  have  been  had  the  gas  been  expanded  to 
the  tenth  division  of  F.  Bearing  in  mind  that  the  pressure  of  a  gas 
is  inversely  as  its  volume,  this  reduction  is  very  simply  effected  by 
multiplying  the  number  as  above  obtained  by  -/tt^  or  0'6 ;  and  in  all 
cases,  any  determination  of  pressure  made  at  any  division  upon  F  may 
be  reduced  to  the  pressure  of  the  same  volume  when  ex])andcd  to  the 
tenth  division,  by  the  use  of  a  fractional  multiplier  whose  denominator 
is  10,  and  numerator  the  number  of  the  division  at  which  the  deter- 
mination is  made. 

As  the  temperature  is  maintained  constant  during  the  entire 
analysis,  no  correction  on  that  score  has  to  be  made ;  the  atmospheric 
pressure  being  altogether  excluded  from  exerting  any  influence  upon 
the  volumes  or  pressures,  no  barometrical  observations  are  requisite, 
and  as  the  tension  of  aqueous  vapour  in  Fis  exactly  balanced  by  that  in 
H,  the  instrument  is  in  this  respect  self-correcting. 

Hydi'ogen  being  then  introduced  in  the  same  way  as  the  original  gas, 
and  the  volume  determined  anew,  the  electric  spark  is  passed  through 
the  mixture  by  means  of  the  jdntinum-wires  at  m,  and  the  determi- 
nation of  the  contraction  caused  by  the  explosion  terminates  the 
analysis.  The  following  are  the  results  of  an  analysis  of  air  made  in 
this  way. 
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VOLUME    OF    AIR    USED. 

(Determined  at  fifth  division  on  F.) 

Observed  height  of  mercury  in  i/.  .         .     673*0'""' 

Height  of  fifth  division  above  zero  .          .     383"0 


Corrected  pressure  of  gas      .         .         .        =  2900 

•5 


Corrected  pressure  of  gas  at  tenth  division     =    1-1 5 '00 

VOLUME    AFTER   ADMISSION    OF    HYDROGEN. 

(Determined  at  sixth  division.) 

Observed  height  of  mercury  in  H  .         .     TTS'S"'" 

Height  of  sixth  division  above  zero         .         .     304*0 


Corrected  pressure  of  gas      .         .         .         =   468*3 

•6 


Corrected  pressure  of  gas  at  tenth  division     =  280*98 

VOLUME    AFTER    EXPLOSION. 

(Determined  at  fifth   division.) 

Observed  height  of  mercury  in  H .         .         .  763*3 

Height  of  fifth  division  above  zero  .         .  383*0 

Corrected  pressure  of  gas      .         .         .        =  380*3 

•5 


mm 


Corrected  pressure  of  gas  at  tenth  division     =    190*15 

RESULTS. 

Volume  of  air  used         .          .         .     145*00 


Hence 


Volume  of  oxygen  .         .         .       30*276 

Nitrogen        .         .         .79*120 
Oxygen  .         .         .       20*880 


100000 


To  show  the  delicacy  of  the  indications  of  this  instrument,  we  here 
subjoin  the  results  of  a  series  of  analyses  performed  upon  the  same 
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specimen  of  atmospheric  air,  previously  freed  from  carbonic  acid  by 

caustic  potash. 

I.               II.  III.             IV.              V.              vr. 

Oxygen       20-880      20-888  20-883      20-807      20-868  20-876 

Nitrogen     79-120      79-112  79-117      79-133      79-132  79-124 

100-000    100000  100000    100000    100-000  100000 


XIX. —  On  the  use  of  Hydrogen  in  determining  Vopour-Densities, 
and  on  the  Acidification  of  Alcohols  by  Oxygen-gas  or  Atmospheric 
Air. 

By  Robert  Railton. 

lOF    UNIVERSITY    COLLEGE.) 

Whilst  engaged  in  some  experiments  on  the  alcohol  obtained  by 
M.  Bouis  from  castor-oil,  which  by  combustion  I  had  already  found 
to  agree  with  the  formula  Cj^  Hjg  O2,  I  had  occasion  to  ascertain  the 
density  of  its  vapour. 

On  determining  it  by  the  usual  method,  I  found  that  the  experi- 
mental density  greatly  exceeded  the  calculated  density,  and  that  the 
condensed  vapour  had  an  acid  reaction,  although  the  liquid  which 
was  introduced  into  the  glass  globe  was  perfectly  neutral.  The  latter 
circumstance  led  me  to  suppose  that  the  vapour  of  the  alcohol  com- 
bined, at  a  high  temperature,  with  the  oxygen  of  the  air  contained  in 
the  globe,  forming  an  acid  vapour  which  would  necessarily  be  heavier 
than  the  alcoholic  vapour  ;  indeed  it  would  appear  from  the  densitv  I 
obtained  (4-535)  that  the  oenanthylic  alcohol  was  wholly  converted  by 
oxidation  into  the  corresponding  acid,  C,^  11,^0^,  the  theoretical 
density  of  which  is  4'531.  Subsequent  experiments  confirmed  the 
supposition. 

To  decide  the  matter  completely,  Dr.  Williamson  suggested 
to  me  to  substitute  dry  hydrogen  for  common  air  in  the  globe  ;  this 
method  was  tried,  and  led  to  the  most  satisfactory  results.  The 
experiment  was  conducted  as  follows : 

The  globe  was  first  weighed,  full  of  dry  aii-,  and  the  requisite 
amount  of  alcohol  afterwards  introduced  ;  the  air  was  then  displaced 
by  diffusion,  an  apparatus,  of  wliich  the  following  is  tiie  sectional 
sketch,  being  used. 


206 


Mil.     IIOBKRT    UAII.TON    ON     THE 


u 


n 


K 


In  the  bottle  A  the  hydrogen  is  generated,  whence  it  passes  into 
the  wash-bottle  5,  and  thence  into  the  bottle  C ;  the  two  latter  bottles 
contain  concentrated  sulphuric  acid,  which  is  intended  to  dry  the 
hydrogen  thoroughly. 

The  globe  or  vapour-flask  is  fixed,  with  its  long  narrow  neck 
downwards,  into  one  of  the  necks  of  the  bottle  C  by  an  air-tight  cork, 
the  orifice  of  the  neck  of  the  globe  being  above  the  sulphuric  acid. 

The  third  neck  of  the  bottle  C  is  closed  by  a  cork,  which  is  tra- 
versed by  a  bent  tube  of  fine  bore,  in  order  that  the  hydrogen  and 
air  may  escape  under  some  pressure;  and  as  a  precaution  against  the 
possible  return  of  moist  air  into  C,  the  outer  end  of  this  tube  dips  into 
concentrated  sulphuric  acid. 

The  evolution  of  hydrogen  is  continued  for  two  or  three  hours, 
during  which  time  the  air  is  gradually  expelled  from  the  globe  :  the 
rest  of  the  operation  is  the  same  as  in  taking  ordinary  vapour- 
densities. 

The  following  are  the  results  of  two  experiments — the  first,  when 
the  globe  contained  atmospheric  air;  the  second,  when  the  above- 
described  method  was  adopted : 


FIRST  EXPERIMENT. 

Capacity  of  the  globe  at  60°  F.   . 

Weight  of  globe  filled  with  air  at  58°  F.  and  30-13 

in.  bar.  ....... 

Weight  of  globe  filled  with  vapour  at  531°  F.  and 

30-12  in.  bar 

Volume  of  residual  air  at  57°  F.  and  29*73  in.  bar. 


27-70  cub.  in.  air  at  58°  F.  and  30-12  in.  bar. 
become  at  60°  F.  and  30  in.  bar.  27-92  cub.  in., 
and  weigh      ....... 

Hence,  weight  of  empty  globe  is  ... 


27-70  cub.  in. 

868-58  grs. 

878-17    „ 

•55  cub.  in. 


8-66  grs. 
857-92    „ 
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Tlie  capacity  of  the  globe  at  53  L°  F.    . 
Volume  of  residual  air  at  531°  F. 

Volume  of  vapour  at  531°  F.  and  30-12  in.  bar. 
which  at  60°  F.  and  30  in.  bar.  become    , 


27-87  cub.  in. 
1-06      „ 


Weight  of  residual  air 
„         empty  globe 

Weight  of  globe  and  vapour 

Weight  of  14-59  cub.  in.  vapour  at  60°  F. 

Weight  of  100  cub.  in.  vapour    . 

Whence  the  experimental  density  is 
Calculated  density  of  the  acid  Cj^  Hj^  0^ 
Calculated  density  of  the  alcohol  C^^  Hjg  0^ 

SECOND    EXPERIMENT. 

Cajiacity  of  globe  at  60°  F.  .  .         . 

Weight   of   globe   filled  with  air  at   56°  F.    and 

29-65  in.  bar 

Weight  of  globe  filled  with  vapour  at  552°  F.  an 

29-65  in.  bar.         ..... 

Residual  hydrogen  at  60°  F. 

24-50  cub.  in.  of  air  at  56°  F.  and  29-65  in.  bar 
become  at  60°  F.  and  30  in.  bar.  24*4  cub.  in 
and  weigh      ...... 

Hence,  weight  of  empty  globe 

Capacity  of  globe  at  552°  F.        .          .          . 
Volume  of  residual  hydrogen  at  552°  F. 

Volume  of  vapour  at  552°  F.  and  29-65  in.  bar 
which  at  60°  F.  and  30  in.  bar.  become    . 


26-81 
14-59 

•17 
857-92 

grs 

858-09 
878-17 

20-08 

137-63 

Weight  of  residual  hydrogen 
Weight  of  empty  globe 

Weight  of  globe  and  vapour 


4-535 

4-531 

4-018 

24-50  c 

ub. 

m. 

1577-077 

grs. 

1584-876 

}> 

-20 

cub. 

in 

7-566  grs. 
1569-511    „ 

24-67    cub.  in. 
•39      „ 


24-28- 

}) 

12-323 

)) 

•008 

grs 

1569-511 

5J 

1569519 

)J 

1584-876 

>J 
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Weight  of  12-323  cnb.  in.  vapour  at  60°  F.  15-357  grs. 

Weight  of  100  cub.  in.  vapour  .  .          .     124-62      „ 


The  experimental  density  is  therefore  .  .  .  4-019 

The  theoretical  density  of  the  alcohol  C^^  H^gOo  is         4-018 

I  may  here  remark  that  the  condensed  vapour  in  the  last  ex- 
periment was  perfectly  neutral. 

These  results  suggested  the  iflea  that  it  was  possible  to  convert  the 
alcohol  Cj4  Hjg  O2  into  the  corresponding  acid  C^^llj^^O^  by  simply 
passing  a  stream  of  dry  oxygen  or  atmospheric  air  into  the  liquid  while 
heat  was  being  applied  to  it.  To  test  this  idea,  an  apparatus  of  the 
following  construction  was  adopted  : 

y^  is  a  flask  containing  chlorate  of  potash  and  binoxide  of  man- 
ganese. B  is  a  tube  containing  chloride  of  calcium  or  other  desic- 
cating substance. 

The  alcohol  to  be  oxidized  is  placed  in  the  flask  C.  D  is  an 
arrangement  of  glass  tubes  forming-  a  Liebig^s  condenser;  ^  is  a 
bulb  blown  on  the  inner  glass  tube  of  the  arrangement  D. 

The  construction  will  be  understood  on  referring  to  the  figure, 
which  is  drawn  in  section. 


The  alcohol  in  the  flask  Cis  made  to  boil  briskly  ;  at  the  same  time, 
oxygen  is  supplied  from  A  (or  from  a  gas-holder)  ;  the  oxygen 
enters  at  the  bottom  of  the  liquid.  The  vapour  from  C  is  con- 
densed by  the  arrangement  D,  and  continually  flows  back  into  C, 
until  the  whole  is  fully  oxidized  ;  but  as,  during-  the  process,  water 
is  formed,  and  as  it  would  endanger  the  safety  of  the  flask  C  if 
allowed  to  re-enter  it,  the  bulb  E  is  interposed,  when  the  uater,  being 
of  greater  density,  collects  at  the  bottom  of  E,  and  the  oily  liquid 
alone  returns  to  the  flask  C,  there  to  undergo  the  same  operation 
as  before,  until  it  is  completely  oxidized. 
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A  considerable  quantity  of  osnanthylic  acid  was  obtained  by  this 
process,  from  Avbicli  the  baiyta-  and  potash-salts  were  formed. 

Fusel-oil  was  also  oxidized  in  a  similar  manner,  and  doubtless  the 
whole  of  the  alcohols  would  yield  their  corresponding  acids  if  sub- 
jected to  the  same  treatment. 

This  subject  was  not  further  proceeded  with,  as  my  success  in  these 
experiments  induced  me  to  try  others  of  contrary  character,  in  which 
I  am  at  present  engaged.  If  they  succeed — and  there  is  some  reason 
to  believe  they  will — we  shall  have  it  in  our  power  to  produce  arti- 
ficially all  the  alcohols  from  their  corresponding  acids,  by  an  extremely 
cheap  and  simple  process.  The  deoxidation  will  be  effected  by 
hydrogen. 

Whatever  the  results  of  my  present  experiments  may  be,  as  soon 
as  they  are  completed,  I  shall  have  the  honour  of  communicating  them 
to  the  Society. 


XX. — On  the  use  of  Gas  as  Fuel  in  Organic  Analysis. 
By  a.  W.  Hofmann,  Ph.D.,  F.R.S. 

The  extensive  and  daily  increasing  application  of  gas  as  a  source 
of  heat  in  the  laboratory,  naturally  suggested  the  idea  of  using  this 
convenient  fuel  likewise  in  organic  analysis.  A  variety  of  arrange- 
ments have  been  proposed  for  this  purpose,  but  not  one  of  them  has  as 
yet  come  into  general  use.  The  difficulties  which  present  themselves 
are,  in  the  first  place,  the  production  of  a  sufficiently  high  tempera- 
ture ;  and  secondly,  the  regulation  of  the  heat  according  to  the 
special  requirement  of  the  process.  In  order  to  accomplish  the 
analysis  at  the  temperature  of  an  ordinary  air-flame,  it  has  been 
found  necessary  to  abandon  the  simple  process  of  Liebig,  and  to 
have  recourse  to  the  more  complicated  method  of  completing  the 
combustion  in  an  atmosphere  of  oxygen;  on  the  other  hand,  in 
order  to  obtain  a  sufficient  control  over  the  temperature,  an 
arrangement  has  been  devised,  which  may  appear  intricate  at  the 
first  glance,  but  which  works  with  sufficient  facility  and  precision, 
although  it  may  hereafter  ])robably  be  simplified. 

The  general  disposition  of  the  apjjaratus  diffi'rs  but  little  from  the 
arrangement  used  in  performing  the  combustion  in  oxygen-gas  by 
means  of  spirits  of  wine,  and  is  sufficiently  intelligible  by  a  glance  at 
Fig.  1.*     A  is  the  combustion-fiuMiacc,  which  is  supplied  with  gas  by 

*  The  wood  engravings  arc  taken  from  Lici)ig's  "  Handbook  of  Organic  Analysis," 
edited  I)y  A.  W.  llofniann.     London,  Walton  and  Maberly,  1853. 
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FIG.    1. 


the  tubes  abed,  communicating  witii  two  pairs  of  stopcocks,  e  and  f; 
a  combustion-tube,  g,  open  at  both  extremities  and  supported  in  the 
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usual  maiinei',  communicates  in  front  with  the  cliloricle-of-calcium- 
tube  B,  a  potash-bulb-appavatus  C,  and  a  potash-tube  Z) ;  at  the 
back,  the  combustion-tube  communicates  by  means  of  a  system  of 
desiccators,  consisting  of  a  potash-tube  E,  a  sulphuric-acid-tube  F, 
and  a  sulphuric-acid-bottle  G,  with  the  gas-holders  H  and  /,  con- 
taining respectively  oxygen  and  atmospheric  air.  The  bottle  G 
serves,  moreover,  as  a  bubble-gauge  for  measuring  the  rapidity  of 
the  current. 

The  furnace  consists  of  three  separate  compartments  of  strong 
iron  plate  h  i  and  k,  which  are  supported  by  a  stout  iron  stand  I  m. 
The  arrangement  of  these  compartments  requires  a  few  explanations ; 
their  construction  is  evident  from  Figs.  2  and  3 ;  h  and  i  are  simply 

FIG.  2. 


FIG.  3. 


rectangular  iron  boxes,  open  at 
the  bottom  and  covered  at  the 
top,  with  vvirc-gauze,  which  are 
supplied  by  horizontal  perfo- 
rated gas -pipes  {n  n,  Fig.  2). 
The  last  compartment  k  (Fig.  2) 
has  a  somewhat  more  compli- 
cated construction.  It  differs 
from  the  two  others  by  being 
subdivided  into  four  smaller 
cliaml)ers  by  the  three  dia- 
phragms, 0,  p  and  q,  of  iron 
plate,  the  gas  being  sui)i)He(l  by 
i>  2 
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two  i)ipes  instead  of  one.  The  lower  pipe  r  r  resembles  in  every 
respect  the  gas-jjipe  n  n  of  the  other  compartments.  The  upper 
pipe  s  s,  on  the  other  hand,  supplies  the  gas  to  two  rows  of  vertical 
fine  tubes,  somewhat  similar  to  those  used  in  Leslie^ s  gas-burner, 
the  extremities  of  which  project  through  the  wire-gauze  cover  of  the 
compartment  (Fig.  3).  Both  pipes  are  provided  with  air-tight 
pistons,  which  enable  the  operator  to  manage  the  heat  produced  by 
this  part  of  the  apparatus  according*  to  the  requirements  of  the 
analysis.  Fig.  3  shows  the  manner  in  which  the  frame  x  which  sup- 
ports the  combustion-tube  is  fitted  over  the  wire-gauze  cover  of 
the  case.  It  is  provided  with  a  series  of  holes  a,  allowing  a  current 
of  air  to  enter,  which  bends  the  flame  round  the  combustion-tube ; 
this  figure  gives,  moreover,  a  separate  view  of  one  of  the  side-pieces  y, 
which  by  means  of  the  tongues  z  are  fastened  upon  the  frame,  in 
order  to  form  a  kind  of  dome,  from  which  the  heat  is  reflected 
downwards  upon  the  combustion-tube. 

The  combustion  is  conducted  in  the  following  manner  :  A  com- 
bustion-tube, open  at  both  ends,  and  2  or  3  inches  longer  than  the 
combustion-furnace,  is  filled  with  a  layer  of  oxide  of  copper,  cor- 
responding to  the  length  of  the  two  compartments  h  and  i,  placed 
into  the  furnace  and  connected  at  one  end  with  the  desiccators 
E  F,  &c.,  the  other  end  being  open  at  the  time.  The  tube  is  then 
heated  by  the  air-flame  of  the  three  compartments,  and  a  slow 
current  of  dry  air  forced  through  it  by  means  of  the  gas-holder  /,  for 
about  five  minutes,  which  removes  every  trace  of  moisture.  The 
current  being  interrupted,  the  front  end  is  corked,  and  the  supply 
of  gas  so  far  diminished  in  compartments  h  and  i  that  a  mere 
sheet  of  flame  remains  upon  the  wire-gauze,  whilst  it  is  entirely 
turned  off"  from  the  compartment  k.  As  soon  as  the  tube  has 
sufficiently  cooled,  the  front  end  is  connected  with  the  chloride-of- 
calcium-tube  B,  the  potash-bulbs  C,  and  the  potash-tube  D,  and 
a  little  platinum  boat  containing  the  substance  to  be  analyzed, 
introduced  at  the  other  extremity,  and  pushed  in  about  two-thirds  of 
the  division  k.  All  joints  being  well  secured,  the  gas  is  again  fully 
supplied  to  compartments  h  and  i,  and  the  layer  of  oxide  of  copper 
corresponding  to  the  length  of  these  divisions  heated  to  a  dull 
redness.  The  distillation  of  the  "  substance"  may  now  be  com- 
menced. For  this  purpose,  the  gas  is  admitted,  by  means  of  the 
flexible  tube  d,  to  the  lower  gas-pipe  r  r,  and  the  piston  u  pushed  so 
far  from  the  inlet  as  to  supply  the  gas  to  the  chamber  o  /  only, 
whilst  it  is  excluded  from  the  other  chambers.  Fig.  2.  In  this 
manner,  an  air-flame  is  obtained  which  keeps  the  posterior  extremity 
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of  the  corabustion-tubc  at  a  dull  red  heat.  A  small  quantity 
of  gas  is  next  admitted  to  the  upper  gas-pipe  s  s,  by  means  of  the 
flexible  tube  c,  the  piston  r  being  drawn  so  far  from  the  inlet  as  to 
confine  the  gas  to  a  very  few  of  the  little  tubes,  at  the  extremity 
of  which  mere  points  of  flame  are  thus  produced.  The  distillation 
now  proceeds  with  perfect  regularity,  the  slow  air-current,  which 
must  be  kept  up  all  the  while,  as  well  as  the  high  temperature  of  the 
posterior  portion  of  the  tube,  driving  all  the  products  of  combus- 
tion towards  the  red-hot  oxide  of  copper,  which  effects  their  perfect 
combustion.  The  piston  v  is  gradually  drawn  out,  so  as  to  bring  all 
the  jets  into  play,  and  the  supply  of  gas  to  the  jets  increased 
as  far  as  possible  without  producing  too  smoky  a  flame.  As  soon  as 
the  temperature  of  the  jets  is  no  longer  capable  of  expelling  volatile 
matter  from  the  substance,  the  piston  u  of  the  lower  tube  is  gradually 
])ushed  in,  and  the  gas  supplied  to  all  the  chambers  of  compartment 
k,  until  the  whole  of  the  combiistion-tube  is  exposed  to  an  uniform 
air-flame  throughout  its  whole  length.  A  new  quantity  of  matter 
is  thus  expelled,  but  unless  the  substance  under  examination  be 
volatile,  a  large  quantity  of  carbon  is  left  in  the  boat. 

At  this  period  the  air-current  is  replaced  by  a  slow  stream  of 
oxygen  from  the  gas-holder  H,  the  arrival  of  which  in  the  combustion- 
tube  is  marked  by  a  brilliant  phenomenon  of  incandescence.  After 
a  few  minutes,  the  boat  is  left  clean,  and  the  combustion  is  termi- 
nated. The  current  is,  however,  kept  up  for  a  very  short  time 
longer,  and  stopped  only  when  pure  oxygen  may  be  traced  at  the 
mouth  of  the  potash-tube  by  means  of  an  ignited  splint  of  wood. 

By  this  time  the  products  of  combustion  are  perfectly  swept  from 
the  tube,  and  lodged  in  their  receptacles ;  moreover,  the  copper 
is  completely  re-oxidized;  the  flame  is  now  gradually  lowered, 
and  the  gas  at  last  entirely  turned  off;  and  if  the  combustion-tube, 
after  the  detachment  of  the  chloride-of-calcium-tube,  &c.,  and  the 
removal  of  the  empty  platinum  boat  be  carefully  corked,  the  whole 
arrangement  is  ready  for  another  combustion,  in  which  the  operation 
of  drying,  of  course,  becomes  unnecessary. 

Liquids  may  be  likewise  burned  with  the  a])paratus ;  in  fact, 
on  account  of  the  facility  with  which  the  temperature  of  the  compart- 
ment k  can  be  managed,  this  mode  of  proceeding  is  particularly 
adapted  to  liquids.  Even  very  volatile  liquids,  such  as  ether,  &c., 
may  be  safely  burned ;  in  this  case  the  combustion  can  be  com- 
pleted without  any  oxygen,  and  no  fear  of  an  cx])losiou  need  be 
entertained. 

In  the  case  of  substances  containing  nitrogen,  the  eoppei'  turnhigs 


214  DR.    A.    W.    HOFMANN    ON 

perfectly  dried  in  a  current  of  hydrogen^  must  be  placed  into  the 
combustion-tube,  after  the  preliminary  desiccation,  and  the  current 
of  air  must  be  very  slow ;  it  is,  moreover,  advisable  to  place  some 
copper-turnings  behind  the  boat  with  the  substance,  over  the 
posterior  compartment ;  the  copper  is  thus  heated  to  redness,  and 
deprives  the  air-current  of  the  greater  part  of  its  oxygen. 

The  first  putting  together  of  this  apparatus  requires  considerable 
time,  and  the  securing  of  so  many  joints  is  attended  with  some  diffi- 
cult}^; but  once  fitted  up,  it  enables  the  operator  to  analyze  with  great 
dispatch,  scarcely  more  than  an  hour  being  necessary  for  making  a 
complete  combustion.  The  arrangement  is  particularly  useful  when 
a  considerable  number  of  analyses  have  to  be  made.  There  are, 
moreover,  several  additional  advantages  which  deserve  to  be  noticed. 
The  determinations,  both  of  carbon  and  hydrogen,  are  very  exact, 
especially  the  latter,  all  sources  of  accidental  moisture  being  excluded. 
On  this  account  it  is  possible  to  reduce  the  amount  of  substance  used 
in  the  analysis  to  a  minimum,  not  more  than  from  150  to  200 
milligi's.  being  required.  The  possibility  of  determining  the  amount 
of  ash  or  the  quantity  of  silver,  platinum  or  barium,  &c.,  in  a  sub- 
stance, together  with  the  carbon  and  hydrogen,  is  likewise  frequently 
a  very  great  convenience.  The  number  of  accidents  is,  moreover, 
much  smaller.  The  combustion-tubes  very  rarely  crack  if  the  appli- 
cation of  heat  be  sufficiently  gradual.  For  this  purpose  it  has  been 
found  convenient  to  light  the  gas  in  the  commencement,  below  the 
wire-gauze,  until  the  fui'uace  has  become  hot,  then  to  turn  it  off  and 
to  light  it  above  the  wire-gauze.  But  if  an  accident  actually  take 
place  with  a  combustion-tube,  it  almost  invariably  occurs  in  the  pre- 
liminary heating  of  the  oxide  of  copper,  and  in  such  cases  the 
"  substance  "  is  perfectly  safe,  and  has  only  to  be  shifted  to  another 
tube.  The  combustion-tubes  usually  stand  six  or  eight  combustions, 
but  frequently  as  many  as  ten  or  twelve  may  be  made  with  the  same 
tube,  so  that  there  is  also  a  considerable  saving  in  expense. 

The  only  inconvenience  incident  to  the  apparatus  is,  that  it 
is  liable  to  get  out  of  order.  The  wire-gauze  especially  has  to  be 
often  renewed,  and  on  this  account  a  construction  has  been  selected, 
which  renders  it  possible  to  replace  the  wire-gauze  in  the  laboratory, 
without  sending  the  furnace  to  a  gas-fitter. 

The  furnace  given  in  the  above  illustrations  is  composed  of  three 
distinct  divisions,  which  may  be  separately  fixed  upon  the  support. 
By  this  provision  the  apparatus  becomes  adapted  to  a  variety  of 
operations,  especially  to  nitrogen-determinations,  which  I'equire  a 
shorter  tube.     This  separation,  however,  is  not  absolutely  necessary, 
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and  for  the  special  purpose  of  the  carbon-,  and  hydrogen-determina- 
tions a  furnace  made  in  one  piece  answers  equally  well. 

In  conclusion,  the  results  of  several  analyses  performed  by  means 
of  the  above  apparatus  may  be  quoted. 


Combustion  of  sugar ; 

I.  0*155  grm.  of 
0-240 

sugar  gave 
carbonic  acid,  and 

0-092 

water. 

11.  0-3035       „ 
0-4685       „ 

sugar  gave 
carbonic  acid,  and 

0-1765       „ 

water. 

III.  0-226 

sugar  gave 

0-3493       „ 

carbonic  acid,  and 

01319       „ 

of  water. 

I. 
Carbon     .     .     42-16 

II.               III. 
42-09         42.17 

42-10 

Hydrogen      .       6-59 

6-46           6-48 

6-43 

Combustion  of  benzoic  acid : 


0-1695  grm.  of  benzoic  acid  gave 


0-4275 

)} 

carbonic  acid, 

and 

0-077 

}) 

water. 

CuHeO, 

Carbon     . 

. 

68-78 

. 

68-85 

Hydrogen 

5-04 

• 

4-91 

Combustion  of  oil  of  turpentine  : 

01185 

grm. 

of  oil  of  turpentine  gave 

0-3842 

■  }} 

carbonic  acid, 

and 

01240 

)) 

water. 

^10  Jlfl 

Carbon     . 

. 

88-42 

. 

88-23 

Hydrogen 

11-62 

• 

11-77 

Combustion  of  ether 

01561 

grm. 

of  ether  gave 

03695 

)j 

carbonic  acid. 

and 

0-1915 

)) 

water. 

CsH.oO, 

Carbon      . 

, 

64-55 

64-86 

Hydrogen 

13-62 

13-51 
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The  preceding  analyses  were  made  by  Mr.  Charles  Tookey  for 
the  especial  purpose  of  testing  the  practicability  of  the  gas-furnace. 
The  following  numbers  are  quoted  from  a  paper  shortly  to  be 
published  by  Messrs.  Reginald  Morley  and  John  Abel  : 

Combustion  of  diethylotoluidine  : 

0'1495  grm.  of  diethylotoluidine  gave 
0*4435        „       carbonic  acid,  and 
0-1410       „       water. 

C02H17N 
Carbon     .          .  .         80-90         .         .  80-98 

Hydrogen         .  .  10-47  .          .  10-43 

Combustion  of  chloride  of  triethylo-toluammonium  and  bichloride 
of  platinum : 

0-530  grm.  of  salt  gave 


0-760 

)) 

carbonic 

acid, 

0-269 

)} 

water,  and 

0-131 

j> 

of  platinum. 

C,6H„,NCl,PtCl2 

Carbon     . 

39-10 

, 

.     "       39-24 

Hydrogen 

5-63 

. 

5-53 

Platinum 

. 

2i-71 

, 

24-90 

An  analysis  of   iodide  of  tetramethylammouium,  likewise    made 
by  Mr.  Tookey,  gave  the  following  results  : 

0-4138  grm.  of  iodide  gave 
0-3626 


0-2237 


Carbon 
Hydrogen 


carbonic  acid,  and 

water. 
23-89 

CgH^.N! 

23-89 

6-00 

5-97 

XXI. — On  the  Acetates  and  other  Compounds  of  Alumina.* 
By  Walter  Crum,  F.R.S., 

PRESIDENT  OF  THE  PHILOSOPHICAL  SOCIETY  OF  GLASGOW. 

The  salt  from  which  most  of  the  products  described  in  the  present 
memoir  were  produced,   is  the  tersulphate  of  alumina,  now  manu- 

*  Read  before  the  Philosophical  Society  of  Glasgow,  April  27,  1853. 
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factured  in  large  quantity  in  the  north  of  England,  under  the  name 
of  concentrated  alum.  It  is  formed  by  the  direct  action  of  sulphuric 
acid  upon  clay,  and,  after  a  certain  purification,  is  evaporated  and 
sold  in  cakes. 

The  impurity  which  the  commercial  article  contains  in  largest 
quantity  is  potash-alum.  To  separate  that  substance  advantage  was 
taken  of  its  insolubility  in  a  saturated  solution  of  the  tersulphate. 
The  cake-alum  was  dissolved  in  a  quantity  of  boiling  water  insufficient 
for  its  entire  solution  in  the  cold.  On  cooling,  the  excess  of  sulphate 
of  alumina,  mixed  with  almost  the  whole  of  the  potash-alum,  de- 
posited, and  was  separated  by  filtration  through  calico.  The  filtered 
solution  was  then  evaporated  and  cooled,  when  the  tersulphate  was 
found  to  crystallize  in  granular  sj)ongy  masses.  It  was  then  drained 
and  separated  as  much  as  possible  from  the  mother-liquor  by  strong 
pressure  between  numerous  folds  of  calico.  The  product  was  re- 
dissolved  in  boiling  water,  and  again  crystallized  and  pressed. 

A  salt  was  thus  obtained,  having  little  more  than  traces  of  the 
arsenious  acid  and  the  potash  of  the  original  material,  together  with  a 
little  iron  and  chloride  of  sodium.     It  has  the  formula 

AlaOgjSSOg-flSHO 

first  observed  in  1835  by  Boussingault  in  the  hair-like  substance 
found  among  the  black  schistus  of  the  Andes  of  Columbia,  near 
Bogota.  He  afterwards  found  the  same  substance  in  the  volcano  of 
Pasto,  (north  of  Quito,)  where  it  is  formed  by  the  action  of  the 
sulphurous  vapours  upon  the  schistus.  It  exists  there  in  such 
quantities  as  to  have  enabled  the  Pastusos  to  become  the  manu- 
facturers of  chemical  products  for  the  whole  country.  They  dissolve 
the  alum  in  water,  evaporate  it  to  dryness,  and  form  it  into  spherical 
masses  like  camphor,  which  are  altogether  free  from  iron. 

The  same  substance  is  formed  in  this  neighbourhood  from  a  schistus 
containing  pyrites,  in  which  case  it  is  mixed  or  combined  with  sulphate 
of  iron. 

The  quantity  of  cake-alum  now  produced  annually  at 
Newcastle  and  at  Sowerby-bridge,  according  to  sta- 
tistics furnished  me  by  Mr.  Wilson  of  Hurlet,  is  .     1,500  tons. 
And   of  crystallized   alum    (chiefly    ammoniacal)    in 

England 13,200    „ 

Ditto  ditto  ditto     in  Scotland  .     .     4,200    „ 


Total  in  Great  Britain    .     .     .   18,900  tons. 
It  is  estimated  by  Mr.  Wilson  that  about  onc-l'ourtli  of  this  quantity 
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is  consumed  by  calico-i)rintcrSj  and  converted  more  or  less  completely 
into  acetate  of  alumina.  There  is  no  other  examj)le  of  a  substance  so 
important  and  so  extensively  employed  in  the  arts^  as  acetate  of 
alumina,  having  been  so  little  attended  to  by  chemists. 

INSOLUBLE    ACETATES    OF    ALUMINA. 

I.  Insoluble  Binacetate  of  Alumina.  (5 — Hydrate). — An  acetate 
of  alumina  was  produced  by  mixing  together  strong  solutions  of 
tersulphate  of  alumina  (purified  as  already  described)  and  of  acetate 
of  lead.  They  were  poured  slowly  together  into  a  vessel  surrounded 
with  cold  water,  and  much  agitated  to  reduce  the  temperature  of  the 
mixture.  To  the  filtrate  was  added  sulphide  of  hydrogen,  to  precipi- 
tate the  lead  of  the  sulphate  of  lead  which  remained  in  solution ;  and 
acetate  of  baryta  to  throw  down  its  sulphuric  acid. 

The  strongest  solution  formed  in  this  way  contained  about  5  per 
cent  of  alumina,  (from  about  6  lbs.  acetate  of  lead  in  an  imperial 
gallon  of  the  mixture) . 

When  such  a  solution  (or  one  containing  even  4  per  cent  of 
alumina)  is  set  aside  and  left  at  rest  at  a  temperature  of  60°  or  70° 
Fahr.,  it  begins  after  four  or  five  days  (without  losing  much  of  its 
transparency)  to  deposit  upon  the  vessel  a  crust,  which  continues  for 
some  time  to  increase  in  thickness.  When  the  liquid  is  poured  off, 
and  the  crust  allowed  to  dry,  it  separates  readily  from  the  vessel  in 
hard  plates  like  porcelain.  If  the  solution  be  not  left  strictly  at  rest, 
it  becomes  turbid  after  some  days,  and  the  crust  is  produced  in  a 
more  friable  state.  In  cold  weather  the  solution  remains  unaltered 
for  a  much  longer  time.  Heated  to  redness,  the  salt  becomes  black 
from  the  decomposition  of  part  of  its  acetic  acid,  and  in  this  state  it 
very  slightly  affects  the  colour  of  moistened  litmu.s-paper,  showing 
that  it  retains  but  little  alkali.  Dissolved  in  nitric  acid  and  tested 
with  nitrate  of  silver,  it  showed  a  trace  of  chlorine.  It  was  freed 
entirely  from  these  impurities  by  the  process  detailed  in  the  succeed- 
ing chapter ;  still  retaining,  however,  a  trace  of  iron. 

To  ascertain  the  quaiitity  of  alumina  in  one  of  these  salts,  it  is 
enough  to  moisten  it  with  rectified  and  concentrated  sulphuric  acid  in  a 
platinum  crucible,  to  evaporate  the  excess  of  acid  over  a  spirit-lamp,  and 
then  to  subject  it  to  a  white  heat  for  half-an-hour  in  a  furnace.  The 
sulphuric  acid  expels  acetic  acid,  and  thereby  secures  the  absence  of 
charcoal.  It  facilitates  the  disengagement  of  water  ;  and  the  powder, 
which,  without  it,  becomes  so  pulverulent  by  calcination  as  to  be  with 
difficulty  prevented  from  escaping,  is  thereby  rendered  coherent. 
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Attempts  were  first  made  to  determine  the  acetic  acid  by  the 
alkalimeter,  taking  potash-alum  of  known  purity  for  a  standard,  and 
for  a  comparison  of  results.  The  substance  being  kept  in  water  at  a 
boiling-heat  during  the  addition  of  the  alkali,  (soda,)  and  by  a  careful 
comparison  of  the  shades  of  the  litmus-paper,  appeared  at  first  to 
redden  that  test,  so  long  as  any  portion  of  the  salt  remained  un- 
decomposed.  But  it  was  found,  after  some  practice,  that  at  least 
5  per  cent  of  the  insoluble  salt  remained  untouched  by  the  alkali 
after  all  trace  of  acid  reaction  had  disappeared  in  the  process,  and 
that  within  a  range  of  3  or  4  per  cent  the  method  was  not  to  be 
depended  upon.  It  gave  valuable  assistance,  however,  in  this 
investigation,  in  the  testing  of  solutions  of  alumina,  with  which  it 
gave  results  much  more  accurate  than  with  the  insoluble  salts. 

33'24  grs.  of  the  substance,  dried  first  in  the  air,  then  pulverized 
and  dried  further  in  a  stove  twenty  hours  at  100°  Fahr.,  were  moistened 
with  80  grs.  of  rectified  sulphuric  acid  in  a  platinum  crucible,  and 
calcined  as  above.  There  remained  8-64  grs.  When  this  residue  was 
treated  with  water  and  filtered,  the  solution  showed  no  trace  of 
sulphuric  acid,  and  was  alumina  nearly  pure  =  25 '99  per  cent  of  the 
original  substance. 

In  another  experiment,  3264  grs.,  dried  four  hours  in  the  stove, 
and  treated  as  above,  left  8*4  grs.  of  alumina  =  25* 74  per  cent.  The 
mean  is  25 "86  per  cent  of  alumina. 

Burned  with  oxide  of  copper,  2'985  grs.  produced  5"526  cub, 
inches  of  dry  carbonic  acid=2'612  grs.,  and  corresponding  to  50'69 
per  cent  of  acetic  acid.  In  another  experiment  1*685  grs.  indicated 
50*58  of  acetic  acid.  The  mean  is  50*63.  It  was  assumed  that  the 
remaining  23*51  per  cent  was  water.  The  salt  was  therefore  com- 
posed of — 

Acetic  acid  .         .         .         50*63 

Alumina     ,         ,         .         .         25  86 
Water         ,         .         ,         .         23*51 


100*00 
The  foi'iiiula,  AI2  O3,  2  A  +  5  IIO,  requires — 

Acetic  acid  .         .         ,         51*41 

Alumina     .          .         .         ,         25*91 
Water         ....         22*68 


100*00 
II.  Insoluble  Binacetute  of  Alumina.      (2 — Hijdrale.) — If  iicat 
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be  applied  to  the  stvonji;  solution  of  acetate  of  alumina,  described 
in  the  previous  pages,  it  speedily  becomes  turbid,  and  deposits  a 
heavy  white  powder,  which  falls  readily  to  the  bottom  of  the  vessel. 
In  a  couple  of  days,  at  100°  Fahr.,  a  considerable  quantity  of  this 
powder  is  deposited;  but  in  two  or  three  hours  at  160^,  and  in  much 
shorter  time  at  boiling  heat,  the  whole  of  the  salt  is  thrown  down, 
and  nothing  remains  in  the  liquid  but  acetic  acid,  excepting  a  trace 
of  alumina,  just  distinguishable  by  carbonate  of  soda. 

The  precipitate  has  a  ci'ystaliine  shining  appearance  in  the  moist 
state,  and  seems,  under  the  microscope,  to  consist  of  small  oval 
particles  of  uniform  size.  It  falls  into  fine  powder  in  drying,  after 
which,  when  mixed  with  water,  it  remains  for  a  long  time  in  sus- 
pension. BoiUng  water  does  not  free  it  from  chloride  of  sodium,  of 
which  it  contains  about  0*1  per  cent. 

To  remove  that  impurity,  the  substance  is  to  be  dissolved  with  the 
assistance  of  heat  in  2  equivs.  of  rectified  sulphuric  acid,  diluted  with 
three  times  its  weight  of  water.  The  solution  is  decomposed  by  sub- 
acetate  of  lead — 

AI2  O3,  2  A  +  2  SO3  -f  2  PbO,  A 
=Al2  03,3A  +  2(PbO,  SO3) 
and  the  filtrate  freed  from  lead  and  sulphuric  acid  as  before.       When 
heat  is  now  applied  to  this  solution,   a  precipitate  is  obtained,  in 
which  no  trace  of  alkali  or  of  chlorine  can  be  detected. 

A  portion  of  the  substance  obtained  at  a  boiling  heat,  and  dried 
twenty-four  hours  at  100°  Fahr.,  yielded  29"83  per  cent  of  alumina. 
Another  portion  dried  forty-eight  hours  gave  30'54  per  cent.  Burned 
with  oxide  of  copper,  1"697  grs.  of  the  salt,  dried  at  100°  Fahr., 
indicated  59*87  per  cent  of  acetic  acid.  In  another  experiment  1'605 
grs.  indicated  58"88  per  cent.  The  mean  is  59'37.  The  substance 
is,  therefore,  composed  of — 

Acetic  acid  .         .         .         59-37 

Alumina     .  .          .          .         30- 18 

Water         ....  10-45 


100-00 
The  formula,  Alg  O3,  2  A  +  2  HO,  requires — 

Acetic  acid  .          .  .         59-51 

Alumina     ....         29'99 
Water         ....          10-50 

100  00 
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Numerous  specimens  of  this  salt  were  formed  by  precipitation  from 
solutions  of  various  strengths,  at  various  temperatures  below  boiling- 
water,  and  analyzed  for  acetic  acid  and  alumina.  They"  generally 
agreed  in  the  proportions  of  acid  and  base,  but  varied  in  the  absolute 
quantity  ;  indicating  a  range  of  from  3  to  5  equivs.  in  the  proportions 
of  water.  The  two  salts  which  have  been  described  as  deposited,  one 
at  60°  and  the  other  at  a  boiling  heat,  gave  results  nearly  uniform. 

When  heat  is  applied  to  a  solution  of  teracetate  of  alumina  weaker 
than  that  which  has  been  described,  to  one,  for  example,  containing 
3  per  cent  of  alumina,  it  also  yields  the  insoluble  binacetate,  but,  in 
that  case,  not  acetic  acid  alone,  but  a  considerable  quantity  of  acetate 
of  alumina  remains  in  the  solution.  Solutions  containing  2  per  cent 
of  alumina  are  precipitated  by  boiling,  if  they  have  been  kept  some 
weeks,  but  not  if  recently  prepared.  It  appears  from  these  experi- 
ments, that  the  presence  of  free  acetic  acid  favours,  in  some  way,  the 
production  of  the  insoluble  binacetate  of  alumina  from  a  solution  of 
teracetate.  It  was  found,  accordingly,  that  a  solution  of  teracetate 
containing  |  per  cent  of  alumina,  and  which  could  not  therefore  be 
precipitated  by  boiling,  acquired  that  property  when  made  to  contain 
acetic  acid  equal  to  a  solution  of  teracetate  with  4  per  cent  of 
alumina. 

In  whichever  way  deposited,  this  substance  is  exceedingly  insoluble 
in  water,  either  cold  or  hot,  and  it  is  equally  insoluble  in  acetic  acid. 
When  1  part  of  it  is  digested  for  an  hour  and  a  half  in  200  parts  of 
boiling  water,  it  dissolves ;  and  the  solution  consists  partly  of  soluble 
binacetate  of  alumina,  and  partly  of  acetic  acid  and  the  bihydrate  of 
alumina,  to  be  afterwards  described. 

It  dissolves  in  3  equivs.  of  sulphuric  acid,  or  of  hydrochloric,  or 
nitric  acid,  forming  bisalts  of  alumina,  and  liberating  the  2  atoms  of 
acetic  acid.  It  also  dissolves  in  a  strong  solution  of  tersulphate  of 
alumina,  with  the  assistance  of  heat,  forming  bisulphate  of  alumina 
and  free  acetic  acid. 

2  (AI2  O3,  3  SO3)  +  AI2  O3,  2  A=3  {AI3  O3,  2  SO3)  +  2  A. 

The  mixture  does  not  precipitate  on  the  addition  of  water  like  the 
bisulphate  alone,  and  must  therefore  be  changed  by  water  into  tersul- 
phate and  binacetate  of  alumina. 

2  (Al  O3,  3  SO.,)  +  AL  0.5,  2  A. 

A  solution  of  potash-alum  dissolved  this  binacetate  in  the  same 
circumstances,   but  on  the  heat  being  continued  for  some  time,  a 
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precipitate  was  formed  anew,  whicli  appeared  from  a  qualitative 
analysis  to  be  the  nionosulphate  of  alumina  and  potash,. 

KO,  S03  +  3(Al2,  O3,  SO.,) 

the  substance  which  is  formed  when  hydrate  of  alumina  is  boiled  with 
alum.  The  same  substance  is  found  native,  under  the  name  of  alum- 
stone,  at  La  Tolfa,  the  seat  of  the  celebrated  manufacture  of  Roman 
alum,  near  Civita  Vecchia;  and  was  ascertained,  by  Collet  Descotils, 
to  be  formed  of — 

KO,  SO,  +  3  (AI2  O3,  SO3)  +  9  HO. 

SOLUBLE      ACETATES      OF      ALUiMIXA. 

Soluble  Binacetate  of  Alumina.  Alj  O3,  2  A  +  4  HO. — Notwith- 
standing the  tendency  of  a  concentrated  solution  of  the  teracetate  of 
alumina  to  deposit  the  insoluble  salt,  it  may  be  evaporated,  ^vith 
certain  precautions,  to  a  dry  substance  soluble  in  water.  For  this 
purpose  it  must  be  spread  very  thin  over  sheets  of  glass,  or  of 
porcelain,  exposed  to  a  heat  not  exceeding  100°  Fahr.,  and,  as  it  runs 
together  into  drops,  like  water  upon  an  oiled  surface,  it  must  be 
constantly  rubbed  with  a  thin  platinum  or  silver  knife.  If  these 
precautions  are  neglected,  a  mixture  is  obtained  of  the  insoluble  mth 
a  soluble  acetate. 

The  soluble  salt  is  thus  produced  in  scales,  having  the  appearance 
of  gum  when  moistened,  and  leaving  no  residue  when  dissolved  in 
water. 

For  analysis  it  was  reduced  to  powder,  and  dried  in  the  air  twenty- 
four  hours,  at  the  temperature  of  100°  Fahr.  The  alkalimetrie  method 
was  first  emploj^ed,  and  it  indicated  54<'8  per  cent  of  acetic  acid  ;  but 
the  more  accurate  method,  by  oxide  of  copper,  gave  55*82  per  cent  of 
acid.     In   experiments  for  the  alumina  26*4<  per  cent  was  obtained. 
The  composition  of  the  substance  was  thus- 
Acetic  acid  .         .  .         55-82 
Alumina     ....         26-40 
Water         ....         17-78 


100-00 

But  the   solution  from  which  this  substance  was  obtained  was  a 
teracetate,  and  contained  for  the  same  quantity  of  alumina. 

Acetic  acid  .         .         .         78-58 

It  lost,  therefore,  during  gentle  evaporation,  nearly  one-third  of  its 
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acetic  acid,  and  was  reduced  almost  to  a  binacetate,  the  formula  of 
which — 

AI2  O3,  2  A  +  4  HO—  requires — 

Acetic  acid  .         .         .         52-38 

Alumina     ....         26-40 
Water         ....  18-49 


97-27 


Tlie  excess  of  acetic  acid  =  3-44  per  cent  over  the  proportions  of  a 
binacetate,  was  presumed  to  be  free  acid  adhering  to  the  product.  To 
remove  that  excess,  a  portion  of  it  was  heated  in  a  water-bath,  and 
afterwards  treated  with  water.  A  considerable  quantity  of  insoluble 
matter  was  left,  and  the  solution  on  being  evaporated  to  dryness,  at  a 
gentle  heat,  produced  a  soluble  acetate,  of  which  100  parts  con- 
tained— 

Of  acetic  acid      .         .          .         49-55 
And  of  alumina  .         .         .         32-47 

corresponding,  therefore,  in  composition,  to  a  sesquiacetate ;  but  it 
can  only  be  looked  upon  as  an  accidental  mixture,  for  every  fresh 
portion  that  was  produced  in  a  similar  way  gave  a  different  result — 
the  amount  of  acid  depending  upon  the  extent  and  duration  of  the 
heat. 

The  binacetate  of  alumina  may  be  produced  at  once  in  solution  ; 
and  as  it  is  the  most  suitable  combination  from  which  to  form  the  dry 
soluble  binacetate,  as  well  as  other  bodies,  I  shall  describe  particularly 
the  manner  of  obtaining  it.  Dissolve  24  parts  of  precipitated  binacetate 
of  alumina  in  15  of  rectified  sulphuric  acid,  and  40  of  water.  Dilute 
further  with  100  parts  of  water,  and  add  carbonate  of  lead  (about  41' 
parts)  to  precipitate  the  sulphuric  acid. 

AI2  O3,  2  A  +  2  SO3  +  2  (PbO,  CO2) 
=  AI2  O3,  2  A  -f  2  (PbO,  SO3)  +  2  CO2. 

Filter  the  solution,  and  ])ass  sulphide  of  hydrogen  through  it  until  it 
ceases  to  precipitate  lead,  and  then  add  acetate  of  baryta,  so  long  as  it 
is  precipitated  by  the  sulphuric  acid  of  the  sulphate  of  lead  which  had 
remained  in  solution.  When  in  this  state,  if  the  mixtui-e  be  well 
agitated  for  half  an  hour  in  an  open  vessel,  the  excess  of  sulphide 
of  hydrogen  will  be  removed,  and  it  may  be  filtered  without  th(- 
danger  of  the  filtrate  becoming  afterwards  milky.  A  solution  of 
binacetate  of  alumina  is  thus  obtained,  containing  about  4  per  cent  of 
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alumina,  which  is  the  strongest  solution,  even  of  the  binacetate,  that 
can  be  j)rcserve(l  for  a  length  of  time  without  depositing  an  insoluble 
salt. 

Spread  very  thinly  over  a  sheet  of  glass,  it  evaporates  at  G0°  or  at 
100°  Fahr.,  without  running  into  large  drops  so  much  as  the  ter- 
acetate,  and  without  having  an  equal  tendency  to  produce  the 
insoluble  binacetate.  The  scales  into  which  it  forms  in  drying  arr 
transparent  and  soluble  in  w^ater. 

Burned  with  oxide  of  copper  for  acetic  acid,  and  calcined  for 
alumina,  100  parts  were  found  to  contain — 

Acetic  acid  .  .  .         o5*21 

Alumina     ....         31-31 

But  the  alkalimeter  had  shown,  that  in  the  solution  the  same  quantity 
of  alumina  had  been  combined  with — 

Acetic  acid  .         .         .         59*13 

More  than  4  per  cent  therefore  had  been  lost  by  evaporation  at  100° 
Fahr. 

After  some  other  attempts,  I  was  obliged  to  conclude  that  the  only 
way  to  obtain  the  dry  soluble  binacetate  in  something  like  atomic 
proportions,  was  the  unsatisfactory  one  of  evaporating  in  the  air  a 
solution  of  binacetate,  mixed  with  such  a  proportion  of  acetic  acid  or 
of  teracetate  as  is  found  by  trial  to  produce  it. 

On  the  question,  as  to  which  of  the  soluble  acetates  of  alumina  can 
be  considered  as  a  definite  compound,  it  has  already  been  stated  of  the 
teracetate,  that  when  evaporated  rapidly  enough,  and  at  a  heat  just 
low  enough  to  prevent  the  formation  of  the  insoluble  salt,  it  leaves  a 
product  whose  composition  is  nearly  that  of  a  binacetate.  It  may  be 
added,  that  the  solution  of  teracetate  gives  off  acetic  acid  as  freely  in 
the  cold,  as  if  a  third  part  of  its  acid  were  free.  On  making  an 
experiment  with  two  solutions  of  acetate  of  lead — one  of  which  was 
decomposed  by  sulphuric  acid,  and  the  other,  (which  was  three  times 
as  strong)  by  tersulphate  of  alumina — it  was  found  that  the  aluminous 
solution  gave  a  smell  of  acetic  acid  considerably  stronger  than  that  in 
which  the  acid  was  known  to  be  free.  It  may  be  doubted,  then, 
whether  there  exists  a  combination  of  acetic  acid  with  alumina 
corresponding  to  the  tersulphate  of  alumina.  The  solution  of  bin- 
acetate has  no  smell  of  acetic  acid  at  ordinary  temperatures. 


THE    ACETATES    AND    OTHER    COMPOUNDS    OF    ALUMINA.         225 


BTHYDRATE    OF    ALUMINA    SOLUBLE    IN    WATER. 
AI2O3  +  2HO. 

Hydrate  from  the  Soluble  Binacetate. — By  the  continued  action  of 
iieat  on  a  weak  solution  of  binacetate  of  alumina,  a  permanent  separa- 
tion of  the  constituents  of  the  salt  takes  place,  although  no  acid 
escapes,  and  no  alumina  is  precipitated.  The  properties  of  the 
alumina  are  at  the  same  time  materially  changed. 

A  solution  of  binacetate  of  alumina,  diluted  so  as  to  contain  not 
more  than  1  part  of  alumina  in  200  of  water,  was  placed  in  a  close 
vessel  which  was  immersed  to  the  neck  in  boiling  water,  and  kept  in 
that  state  day  and  night  for  ten  days.  It  had  then  nearly  lost  the 
astringent  taste  of  alum,  and  acquired  the  taste  of  acetic  acid.  Being 
afterwards  boiled  in  an  open  capsule,  acetic  acid  was  freely  given  off, 
and  when  the  boiling  had  continued  about  five  hours  (the  loss  of 
water  being  continually  restored,)  the  liquid  was  found  to  have 
retained  not  more  than  -p'y  of  its  original  quantity  of  acetic  acid,  or 
about  1  equiv.  to  51  of  alumina. 

The  solution  of  hydrate  of  alumina  thus  obtained  has  nearly  the 
same  transparency  as  before  the  loss  of  its  acid,  and  is  slightly 
oily.  It  is  nearly  tasteless.  By  longer  boiling  it  may  be  deprived  of 
considerably  more  of  its  acid,  but  there  is  a  danger  of  coagulation. 

A  solution  containing  \  per  cent  of  alumina  is  converted  into  a 
solid  transparent  jelly,  when  mixed  with  half  its  bulk  of  water 
acidulated  with  ^-Vuo  of  sulphuric  acid.  The  jelly  has  therefore  only 
7>  0  0  of  its  weight  of  alumina,  and  y^Vo  of  sulphuric  acid. 

By  pressure  in  a  bag  the  liquid  part  of  this  jelly  was  readily 
separated,  and  the  solid  was  reduced  to  ^V  or  -J-^  of  its  original 
volume.  Pure  water  did  not  dissolve  this  residue,  neither  did  an 
excess  of  sulphuric  acid,  even  at  a  boiling  heat.  On  examination  it 
was  found  that  the  solid  portion  had  imbibed  almost  the  whole  of  the 
sulphuric  acid.  It  existed  there  in  the  proportion  of  about  1  equiv.  of 
acid  to  15  of  alumina. 

The  coagulating  power  of  the  various  agents  may  be  ascertained 
with  tolerable  accuracy  by  employing  an  aluminous  solution  so  dilute 
as  to  contain  not  more  than  1  part  of  alumina  in  800  of  water,  and 
shaking  it  in  a  phial  with  al)out  half  its  volume  of  a  coagulating 
sohition.  In  this  manner  it  was  found  that  1  atom  of  citric  acid 
(tribasic)  coagulates  as  powerfully  as  3  atoms  of  sulphuric  acid,  and 
tartaric  acid  (bibasic)  as  much  as  2.  2  atoms  of  oxalic  acid  are 
required  to  produce   the   same   effect   as    I    f)f   sulpluu'ic  acid.      Of 
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muriatic  and  nitric  acids,  not  less  than  300  equivs.  must  be  employed 
to  produce  an  effect  equal  to  that  of  1  equiv.  of  sulphuric  acid — the 
volume  of  the  acid  being  always  h  that  of  the  aluminous  solution. 
No  acid  has  the  power  of  redissolving  the  coagulum.'^ 

Of  the  other  acids  which  have  been  tried,  the  chromic,  molybdic, 
racemic,  suberic,  salicylic,  benzoic,  gallic,  lactic,  cinnamic,  butyric, 
valerianic,  carbazotic,  camphoric,  uric,  meconic,  comenic  and  hemipinic 
acids  all  coagulate  the  solution ;  but  their  exact  power  has  not  been 
ascertained. 

The  acetic,  formic,  boracic,  arsenious,  and  cyanuric  acids  do  not 
coagulate,  at  least  when  moderately  concentrated  ;  and,  of  the  opium 
acids,  for  a  supply  of  which  I  am  indebted  to  Professor  Anderson, 
the  pyronieconic  and  opianic  acids  also  do  not  coagulate. 

The  alkalies  have  a  strong  coagulating  power.  About  2  equivs.  of 
potash  produce  an  effect  equal  to  1  of  sulphuric  acid,  and  the  same  is 
the  case  with  soda,  ammonia,  and  lime.  The  coagulation  takes  place 
before  the  acetic  acid  which  remains  in  the  aluminous  solution  is  fully 
saturated ;  for  when  the  alkali,  in  a  very  dilute  state,  is  added  with 
caution,  the  coagulum  which  it  produces  has  still  an  acid  reaction. 
This  coagulum,  like  that  from  sulphuric  acid,  is  insoluble  in  any  acid, 
whether  cold  or  hot,  as  well  as  in  pure  water.  It  dissolves,  however, 
in  a  boiling  solution  of  potash  or  soda,  and  when  the  alkaline  solution 
,is  afterwards  saturated  by  an  acid,  the  ordinary  terhydrate  of  alumina 
is  thrown  down. 

Large  quantities,  however,  of  the  acetic  salts  (ready  formed)  may 
be  added  before  they  coagulate  the  aluminous  solution. f  When  the 
solid  pai-t  of  the  coagulum  produced  by  a  strong  solution  of  acetate 
of  soda  was  afterwards  freed  from  that  salt  by  pressure,  it  redissolved 
in  pure  water,  and  the  solution  was  again  coagulated  by  a  fresh 
addition  of  the  salt.  An  experiment  with  acetate  of  lime  gave  the 
same  result. 

The  nitrates  and  chlorides  coagulate  also  with  great  difficulty. 

Solutions  of  sulphate  of  soda,  magnesia,  and  lime  coagulate  as 
readily  as  a  liquid  containing  the  same  quantity  of  sulphuric  acid  in 
the  free  state.     On  examining  one  of  these  mixtures,  the  sulphuric 

*  Since  these  experiments  were  concluded,  it  has  been  found  that  by  employing  a 
wider  and  shallower  porcelain  vessel,  it  is  possible  to  boil  off,  in  an  hour  and  a  half,  a 
much  larger  proportion  of  acetic  acid  than  that  which  is  mentioned  in  the  text  as  being 
done  in  five  hours  ;  and  to  obtain  a  product  equally  fluid. 

t  Hence,  in  preparing  the  biiiacetate  of  alumina,  which  is  to  be  used  in  obtaining  the 
bihydrate,  it  is  better  to  employ  an  excess  of  acetate  of  baryta,  than  to  leave  in  the 
solution  the  slightest  trace  of  suli)huric  acid. 
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acid  was  found  in  the  solid  part  of  the  coaguluni,  as  before,  and  the 
alkali  in  the  fluid  part,  united  with  the  acetic  acid  which  had  remained 
in  the  aluminous  solution  after  boiling. 

The  digested  solution  of  alumina  which  has  not  been  deprived  of 
its  acetic  acid  by  boiling,  requires  about  twice  as  much  sulphuric  acid 
to  coagulate  it  as  does  the  boiled  solution,  and  thirty  or  forty  times  as 
much  alkali.  The  coagulation  is  complete  before  the  acetic  acid  is 
entirely  saturated. 

One  of  the  most  characteristic  properties  of  the  digested  and  altered 
acetate  of  alumina  is  its  loss  ' ''  the  power  of  acting  as  a  mordant.  The 
ordinary  acetate,  as  is  well  known,  forms  a  yellow  opaque  precipitate 
with  decoction  of  quercitron.  That  which  has  been  thoroughly 
digested  is  merely  coagulated  by  that  decoction — the  colour  of  which 
is  but  little  altered,  and  the  coagulum  is  translucent.  The  same 
effect  is  produced  with  decoctions  of  logwood,  brazil-wood,  &c. 

Analysis  of  the  Soluble  Hydrate  of  Alumina. — A  quantity  of  the 
digested  and  boiled  solution  of  hydrate  of  alumina,  which  had  been 
found  to  contain  acetic  acid  in  the  proportion  of  about  1  equiv.  to  5^ 
of  alumina  was  evaporated  to  dryness  at  100°  Fahr.  From  the 
escape,  by  that  means,  of  its  free  acetic  acid,  the  proportion  of  acid 
was  reduced  to  2'76  per  cent  of  the  dry  residue,  or  about  1  equiv,  of 
acid  to  22  of  alumina.  Not  more,  therefore,  than  Vt  (>f  the  original 
binacetate  had  resisted  decomposition  in  the  process  of  digestion  and 
subsequent  boiling,  and  at  least  97*8  per  cent  of  its  alumina  had  been 
changed  into  the  peculiar  hydrate.  To  deprive  it,  as  much  as  possible, 
of  the  remaining  acid,  and  also  of  hygrometric  water,  it  was  ex])osed 
for  some  time  to  the  heat  of  boiling  .rater.  After  losing  16*00  per 
cent  of  acid  and  water,  it  recovered  14"  18  per  cent  when  again 
exposed  during  twelve  hours  to  the  air. 

The  product,  on  being  moistened  with  sulphuric  acid,  as  before 
described,  and  heated  to  whiteness,  lost  in  one  experiment  24*9,  and 
in  another  24*88  per  cent.     It  consisted  therefore  of 

Alumina  ,,....  75*11 

Water,  and  a  trace  of  acetic  acid  ,         ,         24*89 


10000 

and  a})proached  to  tiie  comjjosition  of  a  bihydratc  which  requires — 

Alumina     .  ,  ,  .  74*00 

Water         ....  25*91 

10000 
(i  2 
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Hydrate  from  the  Insoluble  Binacetate. — It  has  been  already 
mentioned  that  wlien  tlie  precipitated  binacetate  is  kept  for  an  hour 
or  two  in  200  parts  of  boiling  water,  it  is  changed  into  the  soluble 
binacetate.  The  substance  so  produced  may  be  converted,  like  the 
original  solution,  into  the  peculiar  bihydrate  Thirty  to  thirty-six 
houi's  digestion  is  sufficient  to  complete  the  change,  for  after  that  time 
the  solution  has  no  longer  any  taste  of  alum,  and  the  power  of  coagu- 
lating with  acids  does  not  increase.  A  portion  of  it  was  boiled  in  an 
open  vessel  eleven  hours,  being  retained  at  the  strength  of  \  per  cent 
of  alumina  by  successive  additions  of  water.  The  solution  remained 
quite  clear,  and  became  very  slightly  oily.  It  then  contained  only 
about  1  equiv.  of  acetic  acid  to  19  of  alumina.  This  pre])aration  may 
be  considered  as  free  from  all  other  foreign  matter,  with  the  exception 
of  a  trace  of  iron,  which  still  adheres  to  it.  As  compared  with  the 
solution  prepared  at  once  from  the  soluble  binacetate,  smaller 
quantities  of  the  reagents  are  sufficient  to  coagulate  it,  and  the 
coagulum  produced  has  not  more  than  half  the  density.  003  gr.  of 
sulphuric  acid,  or  O'OG  gr.  of  sulphate  of  soda  is  sufficient  to  coagulate 
1"5  grs.  of  alumina  in  GOO  grs.  water,  being  in  the  proportion  of 
about  1  equiv.  of  sulphuric  acid  to  35  of  alumina.  An  equal  quantity 
of  the  solution  was  completely  coagulated  by  0*034  gr.  of  potash  and 
by  0-020  gr.  of  ammonia.  In  both  of  these  experiments  the  acetic 
acid  was  not  fully  saturated.  The  alkalies  then  are  equivalent  in 
coagulating  power  to  sulphuric  acid  when  a  very  small  quantity  only 
of  acetic  acid  is  present  in  the  solution. 

6'93  grs.  of  this  hydrate,  which  had  been  dried  at  a  steam  heat, 
were  moistened  with  sulphuric  acid,  which  was  then  gradually  expelled 
by  a  spirit-lamp,  and  the  residue,  when  kept  forty  minutes  at  a  white 
heat,  left  5*20  grs.  of  alumina,  showing  that  the  hydrate  was  com- 
posed of — 

Alumina     ....         75-03 
Water         ....         24-97 


100-00 


and  contained,  therefore,  2  cquivs.  of  water,  like  the  hydrate  obtained 
directly  from  the  soluble  binacetate. 

ACETATE  OF  SESQUIOXIDE  OF  IRON. 

The  analogy  between  the  salts  of  alumina  and  those  of  the  red 
oxide  of  iron,  induced  me  to  inquire  whether  there  might  not  exist 
allotropic  acetates  of  iron,  corresponding  with  those  of  alumina. 
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A  solution  of  sulphate  of  iron,  to  which  was  added  I  an  equiv.  of 
sulphuric  acid,  was  acted  upon  by  strong  nitric  acid,  and  the  tersui- 
phate  so  obtained  was  converted  into  the  teracetate  by  decomposition 
with  neutral  acetate  of  lead.  A  biuacetate  was  also  produced  by 
decomposing  with  a  mixture  of  acetate  and  carbonate  of  lead.  Both 
solutions  had  the  same  intense  red  colour  which  is  peculiar  to  the 
peracetate  of  iron. 

The  teracetate  of  iron,  whether  concentrated  or  weak,  is  little  liable 
to  decomposition  in  the  cold.  Boiling  causes  the  deposition  of  a 
hydrated  peroxide,  but  the  decomposition  is  only  partial,  and  the 
hydrate  difficult  to  collect. 

The  binacetate  soon  begins  to  let  fall  an  oxide  in  the  cold  ;  and  at 
the  heat  of  boiling  water  a  complete  separation  takes  place.  A  rich, 
deep-coloured  hydrate  goes  readily  down,  and  the  whole  of  the  acetic 
acid  remains  in  the  liquid,  which  is  perfectly  colourless.  No  allotropic 
acetates  of  iron,  corresponding  to  those  of  alumina,  appear  therefore 
to  exist. 

BIBASIC    SULPHATE    OF   ALUMINA. 
2AI2O3,  SO3+IOHO. 

It  is  well  known  that  when  teracetate  of  alumina  is  boiled  along 
with  sulphate  of  potash,  a  gelatinous  precipitate  is  formed,  which 
redissolves  when  the  solution  becomes  cold.  M.  Koechlin-Schouch* 
found  it  to  be  a  subsulphate  of  alumina. 

When  alum,  dissolved  in  six  times  its  weight  of  water,  was  treated 
with  3  equivs.  of  acetate  of  lead — enough  to  decompose  its  tersulphate 
of  alumina,  but  not  the  sulphate  of  potash,  a  large  proportion  (74<  per 
cent)  of  the  sulphate  of  potash  was  found  to  be  carried  down  by  the 
sulphate  of  lead  formed  in  the  process.  To  a  solution  so  prepared, 
the  loss  was  restored  by  an  addition  of  sulphate  of  potash,  and  a 
mixture  formed  of — 

KO,  SO3  together  with  AU  O3,  3  A. 

This  solution,  diluted  so  as  to  contain  about  0'3  per  cent  of  alumina, 
(from  5  oz.  of  alum  per  gallon,)  was  exposed  to  heat.  At  about  90° 
Fahr.,  the  gelatinous  ])recij)itate  began  to  form  ;  and  after  two  hours' 
boiling,  when  scarcely  a  trace  of  alumina  remained  in  solution,  it  was 
thrown  upon  a  filter  of  calico,  which  was  kej)t  hot  within  a  steam-|)an 
until  the  filtrate  passed  through.  The  collected  precipitate  was 
pressed  between  numerous   folils   of   bleached    calico,    and    brought 

*  Sur  le  Monlant  Rouge,  &c.    Hulletiii  de  la  Societe  Indnstricllc  dc  MiiUiaiiseii,  I,  299. 
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gradually  to  the  state  of  a  stiff  clay  occupying  not  more  than  -/^  of 
the  volume  of  the  original  solution.  It  was  then  divided  into  portions 
which  could  conveniently  be  shaken  and  thoroughly  mixed  in  bottles 
with  quantities  of  water  equal  in  all  to  the  original  soluciuu.  The 
mixture  was  liltered  as  before,  at  nearly  a  boiling  heat,  and  pressed 
between  folds  of  calico ;  and  another  repetition  having  been  made  of 
the  same  process,  the  precipitate  was  deprived  of  every  admixture  of 
soluble  matter. 

A  portion  being  dissolved  in  nitric  acid  and  filtered,  gave  an 
abundant  precipitate  with  nitrate  of  baryta.  Exposed  to  a  white 
heat,  and  the  residue  pulverized  and  boiled  in  water,  the  filtered 
liquor  gave  no  longer  a  precipitate  with  nitrate  of  baryta,  and  no 
indication,  or  a  very  doubtful  one,  of  alkali  to  litmus-paper ;  proving 
that  the  sulphuric  acid  indicated  by  the  first  test  had  been  combined, 
not  with  potash,  but  with  alumina.  Mixed  with  sulphuric  acid,  the 
substance  gave  no  smell  of  acetic  acid,  and  when  burned  with  oxide  of 
copper  it  yielded  no  more  carbonic  acid  than  could  readily  be  accounted 
for  by  the  few  fibres  of  cotton-wool  that  were  to  be  distinguished  in 
the  liquid.  The  substance  dried  into  a  hard,  whitish,  semi-trans- 
parent matter,  easily  pulverized. 

For  analysis,  33-93  grs.  dried  at  100°  Fahr.  were  dissolved  in 
muriatic  acid,  and  the  solution  was  exactly  decomposed  at  a  boiling 
heat  by  15-25  grs.  of  chloride  of  barium."^  This  indicates  5*867  grs,, 
or  17-29  per  cent  of  sulphuric  acid.  19-715  grs.  mixed  with  16  grs. 
of  sulphuric  acid  in  a  platinum  crucible  were  first  heated  with  a 
spirit-lamp,  and  then  exposed  to  a  white  heat.  It  left  8-51  grs.= 
43*16  per  cent  of  alumina.  Another  experiment  gave  42-94  per  cent. 
The  mean  is  43-05.     The  composition  of  the  substance  is  therefore — 

Sulphuric  acid  .     .     .     17-29  SO3     .     .     .     17-18 

Alumina      ....     43-05  2AI2O3    .     .     44*16 

Water 3966  10  HO      .     .     38*66 


100-00  100-00 

*  The  heat  in  this  case  greatly  facilitates  the  arrival  at  the  nearest  point  of  decom- 
position, particularly  by  enabling  the  filter  to  furnish,  immediately,  clear  portions,  from 
time  to  time,  for  testing.  Where  nitrate  of  baryta  is  employed  for  decomposing  a  sulphate, 
it  was  observed  by  Mitscherlich  that  a  quantity  of  tlie  nitrate  v;as  taken  down  un- 
altered by  the  sulphate  of  baryta.  This  source  of  error,  which  amounts  to  no  less  than 
5  per  cent  of  the  quantity  of  sulphuric  acid  when  the  experiment  is  performed  in  the 
cold,  is  entirely  olniated  at  a  boiling  heat.  Boiling,  however,  does  not  render  the  de- 
composition of  a  sulphuric  salt  by  a  salt  of  barjira  complete  without  a  considerable  excess 
of  the  barytic  salt,  and  vice  versa.  The  point  sought  for  in  the  present  instance  is  that  at 
which  an  equal  precipitate  is  formed  on  adding  an  excess  of  either  salt. 
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When  the  solution  from  alum  and  sugar  of  lead  was  heated  before 
the  restoration  of  its  sulphate  of  potash,  a  very  slight  precipitate  was 
formed.  The  addition  of  that  salt  completed  the  precipitation,  but 
the  substance  thrown  down  was  more  transparent,  and  dried  into  a 
brownish,  horny-looking  matter.  Its  analysis,  however,  gave  nearly 
the  same  results. 

Sulphuric  acid  .  .  .  17"23 
Alumina  ....  43'51 
Water         ....         39-26 


100-00 

But  when  the  solution  was  boiled  for  two  hours  before  the  addition 
of  the  sulphate  of  potash,  a  quantity  of  alumina  seems  to  have  gone 
down  with  the  sub-sulphate,  for  its  analysis  gave  in  100  parts 

Sulphuric  acid     .  .         .         13-73 

Alumina     .         .         .         .         50-71 

It  had  an  appearance  similar  to  the  preceding  product.  In  the  moist 
state  the  sub-sulphate  is  soluble  in  cold  acetic  acid,  as  well  as  in  the 
mineral  acids.  It  dissolves  in  3  atoms  of  sulphuric  acid  to  form  2  of 
the  bisulphate,  which,  on  the  addition  of  water  is  resolved  into  the 
tersulphate  of  alumina,  and  the  insoluble  monosulphate. 

2  AI2  O3,  S03-I-3  S03  =  2  (AI2  O3,  2  SO3). 
=  Al2  03,  S03  +  Al2  03,3S03. 

The  same  mixture  of  teracetate  of  alumina  and  sulphate  of  potash, 
which  in  a  diluted  state  produces  subsulphate  of  alumina  on  the 
application  of  heat,  gives  a  precipitate  of  binacetate  of  alumina  when 
heat  is  applied  to  it  in  a  concentrated  state.  A  quantity  of  sulphate 
of  potash,  however,  adheres  to  the  insoluble  binacetate  even  after 
abundant  washing. 

PRECIPITATE  FROM  ACETATE  OF  ALUMINA  WITH  CHLORIDE  OF  SODIUM. 

A  solution  of  teracetate  of  alumina  was  produced  from  1  pound  of 
acetate  of  lead  in  10  pounds  of  water,  decomposed  by  tersulphate  of 
alumina.  After  purification,  common  salt  was  added  to  it  in  the 
proportion  of  1  equiv.  to  1  of  tersulphate  of  alumina.  The  solution, 
when  heated  in  the  w^ater-bath,  became  of  an  opaque  white  from  the 
deposition  of  a  powder  so  very  fine  that  the  mixture  passed  through 
the  filter  alnn)st  without  change.  Neither  heat,  nor  any  other  appli- 
cation could  alter  this  character.     It  was  left  at  rest,  and  after  some 
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weeks,  the  liquid  having  become  nearly  clear,  was  poured  off,  and  the 
precipitate,  which  had  contracted  into  ^'^  of  the  bulk  of  the  liquid 
was  mixed  again  with  fresh  water  11  times  its  volume.  After  several 
weeks  more,  the  precipitate  fell  again  to  the  bottom  of  the  vessel, 
when  it  was  mixed  with  a  third  portion  of  fresh  water,  which  again, 
after  four  weeks,  was  decanted,  and  the  precipitate  dried  in  a  capsule 
at  100°  Fahr. 

On  analysis  it  yielded  the  following  results — I  do  not  give  the 
details  of  the  experiments,  not  having  made  out  a  formula  which  can 
be  stated  in  atomic  proportions : — 


Alumina     . 

44-66 

Acetic  acid 

21-96 

Hydrochloric  acid 

5-51 

Water 

25-90 

9803 
Chloride  of  sodium       .          .  1-97 


100-00 
Nitrate  of  potash  forms  a  precipitate  when  heated   with  acetate 
of  alumina,  similar  in  appearance  to  that  from  common  salt,  but  it 
was  not  particularly  examined. 

CONCLUSIONS. 

1.  The  aluminous  solution  obtained  by  decomposing  pure  ter- 
sulphate  of  alumina  with  the  neutral  acetate  of  lead  consists,  I 
believe,  of  a  mixture  of  binacetate  of  alumina,  with  an  equivalent  of 
free  acetic  acid.     No  true  teracetate  of  alumina  appears  to  exist. 

2.  When  means  are  taken  to  evaporate  the  preceding  aluminous 
solution  at  a  low  temperature  with  sufficient  rapidity,  a  dry  substance 
is  obtained,  which  may  be  redissolved  easily  and  entirely  by  water. 
This  is  the  binacetate  of  alumina,  (Alg  O.3,  2  C^  Hg  O3  +  4HO),  in 
which  the  alumina  retains  all  its  usual  properties. 

3.  When  the  first  aluminous  solution,  containing  not  less  than  4 
or  5  per  cent  of  alumina,  is  left  for  some  days  in  the  cold,  a  salt  is 
deposited  in  the  form  of  a  white  crust,  which  is  an  allotropic  binacetate 
of  alumina,  insoluble  in  water.  Heat  effects  the  same  change  in  the 
aluminous  solution  more  rapidly,  and  the  new  acetate  then  precipitates 
as  a  granular  powder.  At  the  boiling  temperature,  the  liquid  is  thus 
deprived,  in  about  half  an  hour,  of  the  whole  of  its  alumina,  which 
goes  down  with  two-thirds  of  the  acetic  acid ;  leaving  one-third  in  the 
liquid. 
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4.  The  red  acetates  of  iron  treated  in  a  similar  manner  do  not 
produce  corresponding  isomeric  binacetates.  By  boiling  the  binacetate 
of  the  sesquioxide  there  is  a  total  separation  of  acid  and  base. 

5.  The  soluble  binacetate  of  alumina  is  decomposed  by  heat,  and 
affords  a  new  and  remarkable  product.  When  a  dilute  solution  of 
that  salt  is  exposed  to  heat  for  several  days,  the  whole  acetic  acid 
appears  to  become  free,  and  the  alumina  to  pass  into  an  allotropic 
condition,  in  which,  although  it  remains  in  solution,  it  ceases  to  be 
capable  of  acting  as  a  mordant,  or  entering  into  any  other  definite 
combination.  Indeed  alumina  in  this  altered  state  appears  to  be 
truly  soluble  in  pure  water.  The  allotropic  alumina  retains  2  equivs. 
of  water,  when  dried  at  the  heat  of  boiling  water.  Its  solution  is 
coagulated  by  the  mineral,  and  most  of  the  vegetable  acids ;  by  the 
alkalies  ;  by  a  gi'cat  number  of  neutral  salts ;  and  by  decoctions  of 
dye-woods. 

This  alumina  is  insoluble  in  the  stronger  acids,  but  soluble  in 
acetic  acid  as  well  as  in  pure  water,  unless  it  has  been  previously 
coagulated  by  the  means  above  mentioned,  when  it  remains  insoluble. 
It  yields,  however,  to  the  continued  action  of  boiling  potash,  which 
changes  it  into  the  ordinary  terhydrate.  Its  coagulum  with  dye-woods 
has  the  colour  of  the  infusion,  but  is  translucent  and  entirely  different 
from  the  dense  opaque  lakes  which  ordinary  alumina  forms  with  the 
same  colouring  matters. 

6.  The  insoluble  binacetate  of  alumina,  when  digested  in  a  large 
quantity  of  water,  is  gradually  changed  into  the  soluble  binacetate; 
of  which  a  part,  howevei',  becomes  decomposed  during  the  process 
into  acetic  acid  and  the  allotropic  bihydrate  of  alumina. 

7.  The  precipitate  which  is  formed  on  the  application  of  heat  to  a 
mixed  solution  of  acetate  of  alumina  and  sulphate  of  potash,  and 
which  is  soluble  in  cold  acetic  acid,  is  a  bibasic  sulphate  of  alumina. 


NOTICES 

OF 

PAPERS   CONTAINED   IN   OTHER  JOURNALS. 

By  henry  watts,  B.A.,  F.C.S. 


Researelies  on  the   (Quantities  of  Heat  disengaged  In  Chemical  and 
Molecular  Actions.* 

By  P.  A.  Fay  re  and  J.  T.  Sllb  e  rinanu. 

Part  L — Heat  disengaged  jn  rapid  combustion. 

The  apparatus  in  which  the  combustions  were  performed,  consisted 
of  a  vessel  of  gilt  brass  plate,  immersed  in  a  water-calorimeter  of 
silvered  copper-plate.  The  oxygen  gas  previously  dried,  was  made  to 
flow  into  the  combustion-chamber ;  and  the  gases  produced  by  the 
combustion,  were  forced,  previous  to  their  exit  from  the  calorimeter,  to 
traverse  a  spiral  tube  of  thin  copper,  so  that  they  might  be  completely 
cooled  down  to  the  temperature  of  the  water  in  the  calorimeter.  This 
water,  whose  volume  was  about  2  litres,  was  kept  in  constant  motion 
by  a  peculiar  apparatus,  and  thereby  maintained  at  a  constant 
temperature  throughout  its  whole  mass.  The  calorimeter  was 
surrounded  with  two  similar  vessels,  the  outer  interval  thus  formed 
being  filled  with  water,  and  the  inner,  or  that  which  was  next  to  the 
calorimeter,  with  swan-down,  whereby  the  loss  of  heat  by  external 
conduction   was    reduced    to   a    very   small  and    perfectly   constant 

*  Ann.  Ch.  Phys.  [3],  XXXIV,  357;  XXXVI,  5;  XXXVII,  405;  Compt.  Rend. 
XVIII,  695;  XX,  1565  and  1734;  XXI,  944;  XXII,  483,  823,  1140;  XXIII,  199, 
411;  XXIV,  1081;  XXVI,  595;  XXVII,  56,  111,  158,  362;  XXVIII,  627;  XXIX, 
449;  Jahresber.  1847—8,  52,  55  ;  1849,  23,  27  ;  1852,  17. 


FAVRE    AND    SILBERMANN's    RESEARCHES.  235 

quantity^  viz.,  0003°  for  a  difference  of  1°  C.  between  the  water  in 
the  calorimeter  and  the  external  water. 

Solid  bodies  were  set  on  fire  by  the  introduction  of  small  pieces 
of  burning  charcoal;  liquids  were  burned  in  small  lamps  with 
asbestus-wicks ;  gases  were  introduced  into  the  combustion-chambe. 
in  jets,  previously  set  on  fire ;  charcoal  was  disposed  in  a  layer 
on  a  sieve-formed  bottom,  through  the  openings  of  which  the 
oxygen  had  free  access  to  it.  In  experimenting  with  many 
difficultly  combustible  substances,  such  as  sugar-charcoal,  it  was 
necessary,  in  order  to  ensure  continuous  combustion,  to  add  a 
quantity  of  wood-charcoal;  the  heat  of  combustion  of  this  substance 
was  then  deducted  from  the  total  result. 

The  rise  of  temperature  of  the  water  in  the  calorimeter  was  read 
off,  at  stated  intervals  measured  by  a  Breguet^s  chronometer,  by 
means  of  a  cathetometer,  which  gave  the  measurements  to  -^V  of 
a  millimeter,  whilst  a  degree  of  the  thermometer  attached  to  the 
calorimeter,  occupied  a  length  of  8  millimeters. 

The  weight  of  the  substance  burnt  was  determined,  when  possible, 
not  by  direct  weighing  of  the  body  before  and  after  combustion,  but 
from  the  weight  of  the  products  of  combustion. 

The  following  are  the  results  of  the  investigation.  The  units 
are  the  gramme,  and  the  quantity  of  heat  required  to  raise  the 
temperature  of  1  grm.  of  water  from  (f  to  1°  C. 

1  gm.of  Hydrogen  in  combining  with  Oxygen  evolves  34462  heat-units. 
1     „  „  „  Chlorine    „       23783 


Carbon. — As  the  combustion  of  carbon  in  the  calorimeter 
never  produced  pure  carbonic  acid  and  carbonic  oxide,  it  became 
necessary,  first  to  ascertain  the  heat  of  combustion  of  carbonic  oxide, 
in  order  to  apjjly  the  proper  corrections  to  the  observations  made 
upon  carbon  itself.  The  carbonic  oxide  was  burnt,  according  to 
Dulong^s  process,  mixed  with  hydrogen;  the  gaseous  mixture 
produced  by  the  combustion  was  analysed,  and  the  heat  of  com- 
bustion of  the  hydrogen  deducted.     The  results  were  as  follows : 

1  grm.  carbonic  oxide  in  combining  with  oxygen  evolves  2403  heat-units. 
1     „     wood-charcoal  „  „  ,,       8080         „ 

1     „     sugar-charcoal  „  „  „       8040         „ 

It  is  interesting  to  compare  the  heat  of  combustion  of  different 
kinds  of  carbon  with  their  specific  heats,  as  determined  by 
Rei>;uault : 
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Heat  of  Combustion  Spocific 

for  1  grm.  heat. 

Wood-charcoal 8080-0  0-24-150 

Coke  from  g-as-retorts      .     .     .  8047-3  0-20360 

Native  graphite 7796-6  0-20187 

Graphite  from  blast-fui-naccs     .  7762-3  0-19702 

Diamond 7770-0  O'l  1687 

From  this  it  appears  that  the  heat  of  combustion  of  carbon 
increases  with  its  specific  heat. 

Hydrocarbons. — 1  grm.  marsh-gas  evolved  13063  heat-units; 
compounds  of  the  formula  n  [C^  W^  gave  the  following  values  : 

defiant  gas 
Amylene 
Paramylene 
The  compound 
Cetene    .... 
Metamylene 

Hence  it  appears  that  the  heat  of  combustion  diminishes,  the 
oftener  the  group  of  atoms  C.^  H2  enters  into  the  compound.  Favre 
and  Silbermann  have  constructed  a  curve  which  exhibits  this  decrease 
to  the  eye;  and,  from  a  comparison  of  amylene  with  metamylene, 
they  infer  that  each  addition   of  C2  H2  causes  a  decrease  of  37*5 


C4  H, 

11858  heat-units 

Cio  Hio 

11491 

^20  ^20 

11303 

32       22 

11262 

^32  "^32 

11078 

C40H40 

10928 

heat-units 

Hence 

the  following-  table : 

Compound. 

Heat  of  Comb. 

Compound. 

Heat  of  Comb 

SOIC^H^) 

10928-5 

10 

(Co  H.) 

11303-5 

19 

10966-0 

9 

3) 

113400 

18 

11003  5 

8 

>} 

11378-5 

17 

11041.0 

7 

}) 

11415-0 

16 

11078-5 

6 

}' 

11453-5 

15 

11116-0 

5 

)} 

11491-0 

14 

11153-5 

4 

S) 

11528-5 

13 

11191-0 

3 

}) 

11565-0 

12 

11228-5 

2 

)} 

]  1603-5 

11 

11266-0 

1 

}) 

116400 

The  difference  between  the  calculated  heat  of  combustion  of 
olefiant  gas  and  that  determined  by  experiment,  is  explained  by  the 
fact  that  the  calculation  is  based  upon  data  afforded  by  the  com- 
bustion of  liquids,  and  consequently,  the  quantity  of  heat  I'cquired 
to  retain  the  compound  in  the  gaseous  state,  ought  to  be  added. 

Ethers  and  Alcohols. — Common  ether  evolved  9027*6  heat-units ; 
amylic  ether  10188. 

Methyl-alcohol  evolved  5307-1;  common  alcohol  7183-6;  amylic 
alcohol    8958-6 ;    and  cetylic    alcohol    10629-2.      From  these   data 
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the   following  table   is    constructed 
series  n  (C2H2)+2  HO. 

Compound.  Heat  of  Comb. 

20  (an,) +2  HO     110000 


for   the   various    bodies  of  the 


]9 
18 
17 
16 
15 
14 
13 
12 
11 


109100 
108160 
107230 
106290 
10535-0 
104400 
10345  0 
10245-0 
101300 


Compound. 

+2no 


10(CJl2 
9 
8 
7 
6 
5 
4 
3 
2 
1 


Heat  of  Comb. 

10000-0 
9850-0 
9680-0 
94800 
92400 
8958-6 
8560-0 
80200 
71840 
5301-5 


1  grm.  of  acetone  evolved  in  combustion  7303  heat-units. 

Fatty  acids. — Formic  acid  evolved  209],  acetic  acid,  3505-2, 
butyric  acid  56470,  valerianic  acid  6439*0,  cctylic  acid  9316-5, 
stearic  acid  9716-5,  and  the  curve  which  represents  the  increase  of 
these  numbers  agrees  with  the  following  table : 


Compound. 

20(aH..)H-0, 

19   "  ,; 

18 
17 
36 
]5 

11 
13 
12 
11 


Heat  of  Comb. 

9940 
9820 
9700 
9560 
9420 
9270 
9130 
8950 
8750 
8530 


Compound.  Heat  of  Comb. 

10(aH,)  +  04    8320 


8060 
7780 
7430 
7000 
6439 
5623 
4670 
3505 
1915 


Compound  Ethers. — These  compounds,  which  are  isomeric  with 
the  fatty  acids,  yielded  the  following  results : 


Formiate  of  methyl 

.     .       2(C2H2)  +  0, 

4197-4  heat-units 

Acetate  of  methyl 

.       3(C2H,)+04 

5342-0 

Formiate  of  ethyl 

.       3(C2H;)  +  0, 

5278-8 

Acetate  of  ethyl 

.       4(C2H2)  +  0, 

6292-7 

Butyrate  of  methyl 

.       5(C2H2)  +  0, 

6791-5 

Butyrate  of  ethyl   . 

.       (S{C^\\^)  +  0, 

7090-9 

Valerate  of  methyl 

.       6(CoH2H-04 

7375-6 

Valerate  of  ethyl    . 

.       7(C;H2)  +  0, 

7834-0 

Acetate  of  amyl 

.       7  (C^  112)4-0, 

7971-2 

Valerate  of  amyl 

.     .     10(C2H2)  +  O, 

8543  6 

Ethylate  of  cetene 

.     32(C2H2)  +  0, 

10342-2 

These  numbers  sho 

V   that  bodies   isonu-rie  in 

C()m])ositi()ii, 

do   no 
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evolve  equal  quantities  of  heat  in  combustion.     This  conclusion  is 
confirmed  by  the  following  numbers  : 

Compound.  Heat  of  Combustion. 

Terebene     ....  CooH,g  10662 

Oil  of  turpentine        .  C.^o  H^g  10852 

Oil  of  lemons        .     .  Cl^  H^  10959 

Hydrate  of  phenyl  evolved  7842-3  heat-units. 

Sulphur. — Especial  care  was  devoted  to  the  determination  of  the 
heat  given  out  by  the  combustion  of  sulphur  in  its  various  molecular 
states.     The  results  were  as  follows  : 

Heat-units. 

Sulphur  fused  seven  years  before  the  experiment       .     .     .  22i6"8 
„       heated  to  the  softening  point,  three  months  before 

the  experiment 2213'8 

„        crystallized  from  sulphide  of  carbon   .      .     .     .  •    .  2225*8 

„       crystallized  from  persulphide  of  hydrogen     .     .      .  2229*5 

Native  sulphur  from  Sicily  in  fine  crystals 2220*9 

Mean     2220*5 

Melted  sulphur,  burnt  several  hours  after  crystallization      .  22603 

Native  opaque  sulphur        2249*0 

ditto  2274*6 

ditto  mixed  with  reddish  crystals  .     .      .  2337*1 

The  diflference  of  40  units  between  the  heat  of  combustion  of 
sulphur  crystallized  a  long  time  before  the  experiment,  and  that 
of  slilphur  crystallized  but  short  time  before,  is  beyond  any  possible 
limit  of  eri'or,  and  must  therefore  be  due  to  the  different  molecular 
constitution  of  the  two  varieties. 

The  combustion  of  sulphide  of  carbon  yielded  3400*5  units, 
whereas,  if  the  heat  of  combustion  of  the  elements  be  separately 
calculated,  as  it  would  be  if  they  were  in  the  uncombined  state, 
the  result  is  3146*3  units.  The  heat  required  to  bring  the  elements 
into  the  state  in  which  they  can  combine,  must  evidently  be  greater 
than  that  which  is  evolved  in  the  act  of  combmation. 

Part    II. — Examination  of    certain    phenomena   of    chemical 
decomposition  and  of  modifications  by  dimorphism. 

It  is  generally  supposed  that  when  the  elements  of  any  compound 
separate  from  each  other,  a  quantity  of  heat  is  absorbed  equal  to 
that  which  was  evolved  in  their  combination ;  and  this  supposition 
IS  confirmed  by  experience  in  a  great  number  of  instances.  Never- 
theless, it  is  not  universally  true  that  chemical  decomposition  is 
accompanied  by  absorption   of  heat ;  there  are  bodif  s  which  evolve 
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heat  in  decomposing.  This  is  shown,  for  example,  in  the  combustion 
of  charcoal  in  nitrous  oxide. 

1  grm.  of  charcoal  burnt  in  nitrous  oxide,  evolved  11158  heat- 
units,  considerably  more  therefore  than  when  burnt  in  oxygen. 
Hence  it  appears  that  in  the  separation  of  oxygen  from  nitrogen, 
heat  is  not  absorbed,  hut  evolved ;  and  by  comparison  of  the  quantities 
of  heat  evolved  by  the  combustion  of  charcoal  in  oxygen  and  in 
nitrous  oxide,  it  appears  that  in  the  separation  of  1  grm.  of  oxygen 
out  of  nitrous  oxide,  1154  units  of  heat  must  be  evolved. — The 
au.thors  likewise  endeavoured  to  estimate  the  quantity  of  heat  evolved 
in  this  separation,  by  decomposing  nitrous  oxide  into  nitrogen  and 
oxygen  in  the  calorimeter  by  the  heat  of  burning  charcoal,  and 
deducting  the  heat  of  combustion  of  the  charcoal  from  the  total  effect 
observed.  By  this  method  they  found  that  1  grm.  of  oxygen  in 
separating  out  of  nitrons  oxide,  evolves  1090*5  heat-units. 

Experiments  on  the  separation  of  oxygen  from  peroxide  of 
hydrogen  by  the  action  of  immersed  platinum,  made  in  a  mercury- 
calorimeter  of  peculiar  construction  [vide  p.  240),  gavefor  the  separation 
of  1  grm.  of  oxygen,  an  evolution  of  1303  units  as  a  mean  result. 
The  numbers  obtained  in  5  experiments  were  1349,  1264,  1313,  and 
1288 ;  and  the  authors  are  of  opinion  that  the  highest  number  1349, 
is  nearer  to  the  truth  than  the  mean,  because  the  disengagement 
of  oxygen  was  very  difficult  to  regulate,  and  was  generally  too  rapid 
to  allow  the  gas  to  give  oif  all  its  heat  to  the  calorimeter.  JMoreover, 
this  number,  1349,  requires  an  addition  of  14°  for  the  heat  rendered 
latent  in  the  aqueous  vapour  carried  off  by  the  gas.  Hence  the 
quantity  of  heat  evolved  in  the  separation  of  1  grm.  of  oxygen  from 
peroxide  of  hydrogen,  is  1363  units. 

The  decomposition  of  oxide  of  silver  by  heat,  gave  results  which 
did  not  agree  very  well  wnth  each  other.  As  a  mean  result  it  was 
found,  that  in  the  decomposition  of  1  grm.  of  oxide  of  silver,  21  "1 
units  of  heat  were  absorbed.  As  one  of  the  elements  assumes  the 
gaseous  form,  the  small  absorption  of  heat  would  seem  to  show, 
that  in  the  separation  of  oxygen  from  silver,  heat  is  likewise  evolved. 

Decomposition  of  Calcspar  and  Arragonite. — The  experiments  were 
made  in  the  water-calorimeter. 

In  the  decomposition  of  1  grm.  of  calcspar  by  heat,  308- 1  units  of 
heat  were  absorbed. 

In  the  transformation  of  1  grm.  of  calcsjjar  into  arragonite,  39"  1 
units  were  evolved. 

In  the  decomposition  of  1  grm.  of  arragonite,  299*3  units  were 
absorbed. 

The  authors  likewise  examined  by  polarized  light  the  course  of 
the  transformation  of  arragonite  into  calcspar,  and  found  that  when 
a  crystal  of  arragonite  is  heated,  the  two  poles  of  the  lemniscatc 
seen  on  examining  the  crystal  by  j)olarized  light,  gradually  a|)proach 
each  other,  and  the  closed  curves  around  each  pole  also  approximate 
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and  open  out  one  after  the  other,  so  as  to  form  single  curves 
enclosing  both  poles ;  but  before  the  union  of  the  two  poles  was 
complete,  the  crystal  became  opaque. 

Pakt  III. — Combinations  in  the  humid  way. 

Most  of  the  experiments  to  be  detailed  in  the  remaining  part  of 
this  paper  were  made  in  a  mercurtj-calorimeter.  This  instrument 
may  be  regarded  as  a  thermometer  with  a  very  large  reservoir  of 
mercury,  and  capable  of  receiving  ivithin  it  the  bodies  by  which  the 
heat  is  evolved  or  absorbed.  It  consists  of  a  glass  globe  of  the  capa- 
city of  about  1  litre,  and  having  three  apertures,  one  at  the  top  and 
two  at  the  sides.  Into  one  of  the  lateral  apertures  is  fixed,  in  a  slanting- 
position,  a  tube  of  thin  iron,  or  platinum,  closed  at  the  bottom  ;  and 
into  this  tube,  which  is  called  the  muffle,  is  introduced  another  tube 
of  very  thin  glass  containing  the  substances  which  are  to  be  submitted 
to  experiment ;  it  is  fused  into  the  metal  tube  by  a  cork.  At  the 
second  lateral  aperture,  the  globe  is  drawn  out  into  a  neck  which 
curves  vertically  upwards,  and  into  the  neck  is  inserted  the  bent 
extremity  of  a  horizontal  capillary-tube,  the  use  of  which  is  to 
measure  the  changes  of  volume  of  mercury  in  the  globe.  Through 
the  upper  aperture  of  the  globe  passes  a  steel  piston  moved  by  a 
screw,  for  the  purpose  of  bringing  the  extremity  of  the  mercurial 
column  in  the  horizontal  tube  to  any  desired  point.  (For  the  method 
of  graduation  we  must  refer  to  the  memoir). 


Hydration  of  Sulphuric  Acid. 

The  quantities  of  heat  evolved  by  mixing  1  grm.  of  sulphuric  acid, 
SOg,  HO,  with  various  proportions  of  water  are  as  follows : 


Water  in 

equi 

ralents. 

Heat-units. 

Differer 

With  the 

first 

1 

8 

equiv. 

of  water 

9-4\ 
8-8  J 

0-6 

secoB 

di 

}> 

,'j 

first 

1 

4 

}> 

>) 

18-81 

1-6 

secon 

di 

» 

)> 

17-2/ 

first 

i 

>} 

>j 

36-7i 

8  4 

secon 

d  4 

>> 

)) 

28-3  J 

With 

1 

equiv. 

of 

water 

64-7\ 

29-9 

}} 

2 

}) 

>} 

94-6  [ 

.  111-91 

17-3 

}} 

3 

}) 

}) 

. 

1 

10-3 

» 

4 

)) 

)) 

.  122-2  / 
.  130-7} 

8-5 

>) 

5 

}} 

» 

136-2  J 

5-5 

» 

6 

i> 

}} 
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Water  in  equivalents.  Heat-units.    Differences. 

With  6  equivs.  of  water 136-2 1        5-6 

„     7     „  „         141-8/ 


9     .  „         148-5 

} 


3-3 

8     .,  „         145- 

1         3-4 

00 

10   „  „      • 148-4  ' 

1         0-0 


„     20  „  „         148-6 

1  grm.  of  SO3,  2  HO  mixed  with  water  evolves  : 

With  the  first       j  equiv.  of  w^ater  .     .     .       9-21         ,   . 

„        second  i       „  „  ...       7-8  J 

first       \      „  „  .     .     .  17-21         ^.g 

„        second  i      „  „  ...  12-3/ 

Therefore  with  1  equiv 29*6 

1  grm.  of  SO3,  3  HO  mixed  with  water  evolves  : 

With  the  first       ^  equiv.  of  water     ...       9-5 "1         ^.g 
„        second  \      „  „         ...       7-6  J 

Therefore  with  1  equiv 17'1 

In  operating  on  fractions  of  equivalents  of  water,  the  authors' 
object  was  to  ascertain  whether  1  equiv.  of  water  could  unite  with 
1,  2,  3,  4,  &c.,  equivs.  of  hydrated  sulphuric  acid  in  the  same  manner 
as  1  equiv.  of  water  combines  with  2  equivs.  of  anhydrous  sulphuric 
acid  ;  the  results  just  given  justify  the  anticipation. 

Heat  disengaged  by  the  solution  of  gases  in  water  : 

^rm.  hydrochloric  acid  gas  dissolved  in  water  evolves  449*6  heat-units. 
„    hydrobromic       „  „  „  ,,      235*6 

„     hydriodic  „  „  „  „      147-7 

„     sulphurous  „  „  „  „      120"4 

„     ammoniacal  gas  ,,  „  „      514*3 

Solution  of  Salts  in  Water. 

The  following  table  contains  the  quantities  of  heat  absorbed  (or 
evolved)  in  the  solution  of  1  gnu.  of  certain  salts  in  excess  of  water. 
(The  numbers  marked  +  denote  heat  evolved). 

VOL.    VI. NO.     XX  HI.  " 
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Some  of  the  numbers  relate  to  tlie  solubility  of  salts  which  in 
reality  are  insoluble  or  but  very  sparingly  soluble  in  water.  This 
fiction  rests  upon  considerations  which  w^ll  be  explained  hereafter. 
When  an  insoluble  compound  is  formed  by  the  combination  of  an 
acid  with  a  base^  in  presence  of  water,  and  the  quantity  of  heat 
evolved  is  different  from  that  which  is  given  out  in  the  combination  of 
another  acid  with  the  same  base,  when  the  compound  is  a  soluble  salt, 
the  difference  may  generally  be  attributed  to  the  insolubility  of  the  first 
mentioned  product ;  and  it  is  this  difference  which  may  be  represented 
by  the  fictitious  solubility  of  the  salt.  The  utility  of  the  numbers  thus 
obtained  will  be  seen  in  the  part  of  the  memoir  which  treats  of  the 
interchanges  of  heat  between  chemically  equivalent  masses  (pp. 
253—258). 
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Of  potash  and  alu- 
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Of  potash  and  prot- 
oxide of  iron  .     . 

Of  ammonia  and 
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;i5-3 

491 
111 
24  7 
64-4 

14-8 
121 

107 

25-6 

231 
24-5 
190 

70-5 
45-5 
65-9 
27.1 

41-2 
14-9 

ai-1 

51-9 
8'9 
651 
15-5 
16-9 
240 
anhydrous 

+  92-2 

anhydrous 

+  58-3 

bichloride 

anhydrous 

+  73-7 

37  8 

29-2 

52-3 

21-9 

39-7 

670 
621 

17-3 
25-2 

19-8 
400 

281 
35 

_ 
14-8 

193 

52-7 
51-5 

anhy- 
drous 
+  96-9 

Formation  of  Neutral  Salts. 

The  annexed  table  exhibits  the  quantities  of  heat  evolved  by  the 
combination  of  1  grm.  of  a  base  with  equivalent  quantities  of  the 
various  acids.  The  numbers  marked  with  an  asterisk  are  those  which 
represent  the  mean  of  experiments  made  by  precipitation ;  the  other 
numbers  relate  to  the  calorific  effect  of  an  acid  on  a  base  in  solution 
or  previously  precipitated. 
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yield  and  Double  Salts. 

The  experiments  were  made  with  about  3  decigrammes  of  potash 
or  soda  with  1,  2,  or  8  equivs.  of  acid,  in  a  flask  containing  18  cub. 
cents,  of  water. 

1.  Potash  with  oxalic  acid. 

1  grm.  of  potash,  diluted  with  water  and  saturated  with  oxalic  acid, 
yielded : 

With  1  equiv.  of  acid 301-2 

„     2      „  „     and  a  large  quantity  of  water  299"0 

„     2      „  „     and  a  small  quantity  of  water  367'8 

„     4      „  „     water  in  ilask  at  1G°    .     .     .  609-4 

Full  of  water  at  13°     • 610-0 

,,11° C720 

2.  Soda  with  oxalic  acid. 

1  grm.  of  soda,  diluted  with  water  and  saturated  with  oxalic   acid, 
yielded  : 

"With  1  equiv.  of  acid 443-6 

„     2      „  „     and  a  large  quantity  of  water     650-3 

,,       ^        ,,  ,,  y>  }}  >)  uo,^  / 

The  flask  full  of  water  saturated  with  acid     .     .     .     739-0 

3.  Potash  with  tartaric  acid. 

grm.  of  potash,  diluted  with  water  and  saturated  with  tartaric  acid, 
yielded : 

With  1  equiv.  of  acid 277*5 

„     2      „  „     and  a  large  quantity  of  water  476-9 

„     2      „  „     and  a  small  quantity  of  water  502*4 

„     8      „  „     and  a  large  quantity  of  water  506-0 

4.  Soda  with  tartaric  acid. 

grm.  of  soda,  diluted  with  water  and  saturated  with  tartaric  acid, 
yielded  : 

With  1  equiv.  of  acid 408-1 

2      „  „  and  a  small  quantity  of  water  616-9 

4      „  „  and  a  large  quantity  of  water  411-0 

4      „  „  and  a  small  quantity  of  water  624*9 

8   „  „  and  a  large  quantity  of  water  435*2 

8      ,,  „  and  a  small  quantity  of  water  618-9 
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These  results  appear  to  show  that  when  a  base  is  mixed  with  excess 
of  acid  in  such  quantity  as  not  to  form  a  liquid  saturated  with  the 
resulting  acid  salt,  the  quantity  of  heat  evolved  corresponds  simply  to 
the  formation  of  a  neutral  salt;  but  if  the  liquid  is  sufficiently  con- 
centrated to  deposit  the  first  crystals  of  the  acid-salt,  a  calorific  effect 
is  produced  which  indicates  the  formation  of  a  new  compound.  From 
this  it  appears  probable  that  an  acid  may  exist  in  presence  of  a  neutral 
salt  containing  the  same  acid,  without  combining  with  it,  at  all  events 
immediately,  as  if  the  molecules  offered  some  resistance  to  the 
formation  of  the  new  compound.  A  phenomenon  of  the  same  kind 
appears  to  be  presented  by  pyrophosphoric  and  metaphosphoric  acid, 
which,  as  is  well  known,  may  dissolve  in  excess  of  water,  without 
immediately  passing  to  the  state  of  PO5,  3  HO. 

The  combination  of  potash  with  sulphuric  and  acetic  acid  likewise 
presents  residts  similar  to  those  above  detailed  with  oxalic  and  tartaric 
acid.     Thus,  for  1  grm,  of  potash  treated  with — 

Sulphuric  acid.      Acetic  acid. 

An  equivalent  weight  of    .     .     .     332-1  296-0 

Twice  the  equivalent  weight   .     .     332-9  294' 1 

Since  a  neutral  salt  may  remain  dissolved  in  water  in  presence  of 
an  excess  of  acid  without  entering  into  any  combination  with  it 
appreciable  by  the  calorimeter,  it  appeared  worth  while  to  inquire 
whether  acid  salts,  of  definite  constitution  in  the  crystalline  state, 
may  not  be  decomposed  by  contact  with  excess  of  water.  The  authors 
experimented  with  this  view  on  biacetate,  bisulphate,  and  bisulphite 
of  potash;  the  first  of  these  does  not  appear  to  be  decomposed;  the 
second  appears  to  be  decomposed  by  a  very  great  excess  of  water 
(which  it  was  necessary  to  use  in  order  to  avoid  the  separation  of  the 
sparingly  soluble  neutral  sulphate) ;  but  it  is  doubtful  whether  it 
would  be  decomposed  by  a  large  quantity.  The  bisulphite  appears 
to  be  decomposed  by  water. 

In  the  formation  of  bicarhonate  of  potash,  the  second  equivalent  of 
carbonic  acid,  on  being  added  to  the  first,  evolves  an  additional  quantity 
of  heat  equal  to  7H-2  units. 

Hijdrosulphui'ic  acid,  in  combining  with  protosulphide  of  potassium 
in  solution,  evolves  the  same  quantity  of  heat  as  in  uniting  with  an 
equivalent  quantity  of  potash  to  form  a  protosulphide.  Hence  the 
quantity  of  heat  evolved  by  hydrosulpluiric  acid  in  combining  with 
1  grm.  of  potash  to  form  the  sulphide  of  hydrogen  and  potassium  is, 
137-8  X  2  =  275-6  units. 

Double  Salts. — No  heat  is  evolved  on  mixing  the  solutions  of: 

1.  Protosulphatc  of  iron  and  sulphate  of  potash  ; 

2.  Sulphate  of  alumina  and  sulphate  of  soda  ; 
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3.  Sulphate  of  alumina  and  sulphate  of  potash  ; 

4.  Sulphate  of  alumina  and  sulphate  of  ammonia  ; 

5.  Tartrate  of  potash  and  tartrate  of  soda; 

provided  that  the  quantity  of  water  present  is  sufficient  to  prevent  the 
solution  from  arriving  at  the  limit  of  solubility  of  the  double  salt.  It 
appears  then  that,  as  in  the  case  of  acid  salts,  no  calorific  eflFect  is  pro- 
duced, so  long  as  the  double  salt  which  should  be  formed,  remains  in 
solution. 

Basic  Salts. — The  only  salts  of  this  class  on  which  the  authors 
experimented,  were  the  acetates  of  lead.  On  precipitating  3  equivs. 
of  neutral  acetate  of  lead  by  2  equivs.  of  potash  added  successively, 
it  was  found  that  the  first  equiv.  of  lead  set  at  liberty,  evolved,  on 
combining  with  the  neutral  acetate,  20*  1  units  of  heat;  but  the 
second  equiv.  of  oxide  of  lead,  set  free  by  the  second  equiv.  of  potash, 
caused  no  perceptible  evolution  of  heat.  Hence  it  appears  that  the 
third  equiv.  of  lead  in  the  tribasic  acetate  enters  into  combination 
without  appreciable  development  of  heat.  This  result  was  confirmed 
by  treating  1  equiv.  of  the  tribasic  acetate  in  solution,  with  1,  2,  and 
3  equivs.  of  sulphuric  acid  in  succession.  It  was  found,  taking 
account  of  the  heat  evolved  by  the  combination  of  the  oxide  of  lead 
with  the  sulphuric  acid,  that 

The  first  equiv.  of  PbO,  in  combining  with 

acetic  acid,  evolves      .....  22*8  units. 

The  second       .         .         .         .         .         .         .  65*9     „ 

The  third 2-2     „ 

numbers  which  accord  very  nearly  with  the  results  obtained  by  the 
former  method. 

Combination  of  Acids  ivith  Anhydrous  Bases. 

1.  Lime. — One  gramme  of  lime,  treated  with  dilute  hydrochloric 
acid,  evolves  750*4  heat-units ;  but  1  grm.  of  hydrate  of  lime,  in 
combining  with  the  same  acid,  evolves  606-5  units ;  hence  a  gramme 
of  hme,  in  combining  with  water,  evolves  750*4  — 606'5  =  143"9  units 
of  heat. 

Experiments  have  already  been  mentioned  (p.  239)  relating  to  the 
heat  absorbed  in  the  decomposition  of  calcspar,  and  to  the  heat 
evolved  in  the  disintegration  of  arragonite.  In  those  experiments  the 
decompositions  were  effected  by  the  direct  action  of  heat.  To  ascertain 
the  same  quantities  in  the  wet  way,  the  authors  decomposed  calcspar 
and  arragonite  with  hydrochloric  acid. 

A  quantity  of  Calcspar,  containing  1  grm.  of  lime 

evolved,  when  thus  treated  ....     82"7  units. 
A  quantity  of  Arragonite,  containing  1  grm.  of  lime  ]  06*3      „ 

Hence,  as  1  grm.  of  lime,  in  combining  with  hydrochloric  acid,  evolves 
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750-4  units^  it  follows  that  1  grm.  of  lioie,  in  combining  with  carbonic 
acid,  evolves 

To  form  calcspar  .          .  750-4  -   82-7  =  667-7  units. 

To  form  arragonite      .         .750-4      106-3  =  644-1       „ 
consequently 

1  grm.  of  calcspar  in  forming,  evolves    .         .373-5  units. 
1  grm.  of  arragonite    .....  360'6       „ 

The  diflference,  12-9,  between  these  numbers,  represents  the  quantity 
of  heat  disengaged  by  1  grm.  of  arragonite,  in  passing  to  the  state  of 
calcspar.  The  quantities  given  by  the  former  method,  were,  308-1 
units  absorbed  in  the  decomposition  of  calcspar,  and  39"  1  units 
evolved  in  the  formation  of  arragonite.  The  authors  consider  the 
results  obtained  in  the  wet  way  as  by  far  the  more  trustworthy. 

2.  Baryta. — One  gramme  of  baryta,  treated  with  dilute  hydro- 
chloric acid,  evolved  392-2  units  of  heat.  Now  1  grm.  of  hydrate  of 
baryta  in  solution,  evolves  in  combining  with  the  same  acid,  201*4 
units.  Therefore  1  grm.  of  bai-yta,  in  passing  to  the  state  of  hydi-ate, 
evolves  892-2-701-4=190-8  units. 

3.  Sirontia. — For  strontia  the  corresponding  numbers  are  : 
525-6-278-9  =  246-7  units. 

4.  Oxide  of  Lead. — One  grm.  of  anhydrous  oxide  of  lead,  treated 
with  dilute  nitric  acid,  evolves  85  units  of  heat ;  with  acetic  acid,  64-1 
units ;  quantities  equal  to  those  evolved  by  the  hydrated  oxide,  under 
similar  circumstances. 

5.  Oxide  of  Zinc,  obtained  by  the  combustion  of  zinc  in  oxygen, 
evolves  with  dilute  sulphuric  acid,  267-8  units;  with  dilute  hydro- 
chloric acid,  207-1  units. 

6.  Oxide  of  Copper  precipitated  from  a  hot  solution  by  potash, 
gives  with  dilute  sulphuric  acid,  206-6  units ;  with  dilute  nitric  acid, 
172-1  units. 

Heat  produced  by  the  Combination  of  Metals  loith  Oxygen, 
Chlorine,  Iodine,  ^c. 

These  determinations  were  for  the  most  part  made  by  an  indirect 
process,  proceeding  on  the  assumption  that  the  heat  absorbed  in  the 
separation  of  any  two  elements,  is  equal  to  that  which  is  evolved  in 
their  combination.  The  experiments  were  made  in  the  mercury- 
calorimeter. 

Chlorine  was  made  to  combine  with  hydrogen  in  the  calorimeter; 
the  hydrochloric  acid  produced  was  absorbed  by  a  large  quantity  of 
water,  and  the  product  weighed  as  chloride  of  silver. 

Of  the  compounds  of  chlorine  with  metals,  the  only  one  that  was 
formed  directly  was  that  with  copper.  The  other  metals  were  either 
dissolved  in  dilute  hydrochloric  acid,  or  their  anhydrous  oxides  were 
made  to  combine  with  that  acid.     The  second  method  may,  in  some 
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cases,  be  used  as  a  check  on  the  first ;  if,  however,  the  metal  itself  is 
not  attacked  by  hydrochloric  acid,  the  second  method  is  the  only  one 
which  can  be  applied ;  in  both  methods  the  product  remains  in 
solution.  To  obtain  the  quantity  of  heat  which  belongs  to  the 
anhydrous  product,  it  is  necessary  to  add  the  heat  which  is  absorbed 
by  the  solution  of  the  compound  in  water.  The  heat  of  combination 
of  bromides  and  iodides  may  be  obtained  in  a  similar  manner ;  or  it 
may  be  deduced  from  that  of  the  corresponding  chlorides,  by  deduct- 
ing the  quantity  of  heat  evolved  in  the  substitution  of  chlorine  for 
bromine  or  iodine. 

The  quantities  of  heat  evolved  in  the  combination  of  metals  with 
sulphur  may  be  found  in  a  similar  manner,  if  the  quantity  evolved 
in  the  combination  of  sulphur  with  hydrogen  has  been  previously 
ascertained.  The  latter  was  determined  from  the  calorific  eScct 
produced  by  the  action  of  sulphuretted  hydrogen  gas  on  sulphurous 
acid  dissolved  in  water  (an  action  which  is  represented  by  the 
equation:  SO2  + Aq  +  2  HS3^2  HO +  3  S  +  Aq).  The  alkaline  sul- 
phides wei*e  obtained  by  the  action  of  hydrosulphuric  acid  on  the 
dissolved  oxides  in  excess ;  and  the  insoluble  metallic  sulphides  by 
double  decomposition  between  the  alkaline  sulphides  and  the  salts  of 
the  other  metals. 

The  heat  evolved  by  the  combination  of  the  different  metals  with 
oxygen  was  determined  in  three  ways  :  1 .  By  the  action  of  water  on 
the  alkali-metals,  in  which  regard  must  be  had  to  the  calorific  effects 
produced  by  three  causes — viz.,  the  combustion  of  the  metals,  the 
combination  of  the  oxides  with  water,  and  the  decomposition  of  the 
water.  2.  By  dissolving  a  metal  in  dilute  hydrochloric  acid.  3.  By 
precipitating  one  metal  with  another.  The  results  are  contained  in 
the  following  tables  : 


Table  I.     Formation  of  oxides  : 

rj  ri2U2- 

Anhydrous]  Copper     .     .     .    683-90 

•'  ]  iron     ....  1351-00 

Lead    ....    266-11 

Silver  ....      5660 

T       1  ,.       (Potassium.     .     .1954-81 

In  solution       r,    J-  oir./3  n 

(Sodium     .     .     .3196-11 
Table  II.     Formation  of  chlorides  : 

/  Potassium,     .     .  2489-54 


1292-75  heat-units. 


Sodium 

In  solution  {  Zinc     . 

Copper 
Iron    . 


.4101-15 
r  1740-51 
1 1740-80 
.  1078-11 
.1905-34' 
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Anhydrous  |  ^Z 


430-10 
322-12 


To  obtain  the  quantities  of  heat  evolved  in  the  formation  of  the 
anhydrous  chlorides  of  potassium,  sodium,  &c.,  the  preceding  results 
must  be  corrected  for  the  quantities  of  heat  evolved  or  absorbed  in 
the  solution  of  those  anhydrous  chlorides  (see  page  242).  In  that 
table  the  results  are  given  for  1  grm.  of  the  chlorides ;  they  must 
therefore  be  calculated  for  1  grm.  of  the  metal.  These  corrections 
being  made,  we  find  for  the  heat  evolved  in  the  combination  of 
1  grm.  of  the  metals  with  chlorine,  so  as  to  form  an  anhydrous 
chloride,  the  following  quantities  : 

Potassium      ....  2587*7 

Sodium           ....  4125-9 

Zinc 1547-5 

Copper 922-7 


Iron       .... 

.  1775-5 

Lead      .         .         .  "      . 

.     430-1 

Silver     .... 

.     322-2 

Table  III.     Formation  of  bromides : 

In  solution. 

Anhydrous. 

Hydrogen      ....  28404-00 

9332-0 

T,  ,      •                          /    2188-30 
Potassmm     •     •     •     |    gjgg.ge 

2303-9 
2312-5 

Sodium 3592-00 

— 

Lead — 

315-40 

Silver — 

237-19 

Table  IV.     Formation  of  Iodides  : 

In  solution. 

Anhydrous. 

Hydrogen      ....  15004-22 

3(306-00  absorbed 

,,  ,      .                          f    1850-50 
Potassmm     •     •     •      |    ^gs^-so 

1973-20  evolved 
1981-20       „ 

Sodium 3006-20 

— 

Lead         — 

223-15 

Silver — 

172-70 

Table  V.     Formation  of  sulphides  : 

In  solution. 

Anhydrous. 

Hydrogen     ....           — 

274100 

Potassium     ....      1300-90 

1170-80 

Sodium 2101-74 



Zinc — 

614-31 

Iron — 

63402 
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In  solution.  Anhydrous. 

Copper —  285-40 

Lead        —  91-88 

Silver —  51-15 

Formation  of  Ammonia. — By  the  action  of  chlorine  on  a  solution 
of  ammonia,  it  was  found  that  1  grm.  of  hydrogen  in  combining 
with  nitrogen  to  form  ammonia,  evolves  10488-1  heat-nnits  when 
the  ammonia  is  in  solution,  and  757600  when  the  ammonia  remains 
in  the  state  of  gas. 

SPECIFIC    AND    LATENT    HEATS. 

The  authors  have  determined,  by  means  of  their  mercury-calorimeter, 
the  specific  and  latent  heats  of  various  bodies.  The  specific  heats 
relate  to  a  mean  between  the  boiling-point  of  the  substance  and  the 
final  temperature  of  the  calorimeter,  which  differed  but  little  from  that 
of  the  surrounding  air.  The  following  table  contains  the  principal 
results.     The  numbers  relate  to  1  grm.  of  the  substance. 

Specific  heat.      Latent  heat  of  vapour. 

Water —  535-77  units. 

Bicarbide  of  hydrogen,  from  ^  0-49385  59-91 

amylic  alcohol,  bojling  be-  V        ^^.^^^^  ^0°  to  200°)  (at  205°)  " 

tween  200   and  210      .      .J  ^  ^  ^  ' 

Bicarbide  of  hydrogen,  froml  0-49680  59-71 

amylic  alcohol,  boilmg  be-  V        ^^^^^^  ^0°  to  240°)  (at  250°)  " 

tween  240    and  260      '     -J 

Methylic  alcohol     ....  0-6713  263-86     „ 

Common  alcohol     ....  0-6438  20892     „ 

Amylic  alcohol 0-5873  131-37     „ 

Cetylic  alcohol 0-5059  58  48     „ 

Latent  heat  of  liquid 29"31     „ 

Common  ether 0-50342  91-11     „ 

Acetate  of  ethyl 0-48344  105-796 

Butyrate  of  methyl 0-49176  87-322 

Essence  of  turpentine        0-46727  68-734 

Sulphurous  acid —  94-560 

For  iodine  the  following  results  were  obtained  : 

Latent  heat  of  vapour 23-95         units. 

Heat  given  off  by  liquid  iodine  from"!         ^  q^ 

180°  to  107° J 

Latent  heat  of  fusion 11-71  „ 

Heat  given  off  by  solid  iodine  from"!  .  „-, 

107°  to  20°  (Regnault).     .     .     ./  ^ 
Specific  heat  of  liquid  iodine     ...  0*10822    „ 

„  „         solid         „        ...  0-05412    „  (Regnault). 
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HEAT  EVOLVED  IN  THE  CONDENSATION  OF  GASES  BY  POROUS  BODIES. 

The  experiments  were  made  with  wood-charcoal,  previously  washed 
with  hydrochloric  acid,  and  then  strongly  ignited.  The  charcoal  was 
introduced  into  a  small  flask  provided  with  a  stop-cock,  exhausted  of 
air,  and  enclosed  in  the  calorimeter,  and  the  gas  was  passed  over  it 
from  a  gasometer.  The  following  results  were  obtained  for  1  grm.  of 
the  gases  condensed  by  charcoal : 

Hydrochloric  acid  gas  evolves  ....     232*5  heat-units. 
Sulphurous       „      ,,       ,}        ....     139"9         „ 
Carbonic  }>      yj       „        ....      129'6         „ 

The  quantities  of  the  gases  absorbed  were  also  determined,  and  it 
was  found  that  1  grm.  of  charcoal  absorbs  of : 

Hydrochloric  acid  gas 69*2  cub.  cent. 

Sulphurous       „      „ 83 '2         „ 

Carbonic  „      „ 45*2         „ 

HEAT    EVOLVED    OR   ABSORBED    BY    THE    SUDDEN    COMPRESSION    OR 
EXPANSION    OF    VARIOUS    GASES. 

The  heat  evolved  by  the  sudden  compression  of  gases  is  intimately 
related  to  their  specific  heat.  In  fact,  the  specific  heat  of  a  gas  under 
a  constant  volume  is  connected  Avith  its  specific  heat  under  a  constant 
pi-essure  by  the  quantity  of  heat  set  in  motion  by  the  sudden  com- 
pression or  expansion  of  a  given  fraction  of  the  original  volume,  ^-j-g- 
for  example,  which  is  the  expansion  or  contraction  corresponding  to 
1°  of  temperature. 

Dulong  has  determined  the  ratio  between  the  two  specific  heats  of 
various  gases  from  the  velocity  of  sound  in  those  gases,  according  to 
the  well-known  formula  of  Laplace  : 

c  v^ 


^      ^(1+00365  x/). 

From  these  results,  and  from  the  numbers  obtained  by  Delarochc 
and  Berard  for  the  specific  heats  of  gases  under  constant  pressure, 
Dulong  concludes  that:  When  equal  volumes  of  diJJ'erent  gases, 
taken  at  the  same  temperature  and  under  the  same  jjressure,  are  sud- 
denly compressed  or  expanded  by  the  same  fraction  of  their  primi- 
tive volume,  they  evolve  or  absorb  the  same  quantity  of  heat.  The 
resulting  variations  of  temperature  are  in  the  inverse  ratio  of  the 
specific  heats  for  a  constant  volume 

It  appears,  indeed,  from  the  ex])criments  of  Delarive  and  iNIarcct, 
as  well  as  from  those  of  Delarochc  and  Berard,  that  all  the  sim])lc 
gases  have  equal  specific  heats  when  they  are  compared  in  equal 
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volumes,  and   Dulong's  experiments  show  that  for  these  gases  the 

c 
ratio  -7  is  exactly  the  same.     It  follows,  therefore,  that  all  simple 

gases,   when  equally  compressed,  experience  the  same  rise  of  tem- 
perature. 

With  respect  to  other  gases  it  a])pears,  according  to  existing  data, 
that  the  rise  of  temperature  produced  in  compound  gases,  when 
compressed  to  the  same  amount,  is  less  as  their  specific  heat  is 
greater.  We  are  thus  led  to  inquire  whether  these  differences  of 
temperature  proceed  entirely  from  the  difference  of  calorific  capacity 
in  the  compound  gases. 

The  exact  determination  of  the  calorific  effect  produced  by  the 
sudden  compression  and  expansion  of  gases  is  therefore  an  object  of 
considerable  interest ;  but  hitherto  the  method  adopted  in  these 
determinations  have  been  very  imperfect. 

The  apparatus  used  by  Favre  and  Silbermann,  consists  of  a 
copper  pump-barrel,  the  lower  part  of  which  is  lined  with  glass,  so 
that  apertures  may  be  made  in  the  copper  (without  allowing  any 
escape  of  gas)  in  order  to  observe  the  variations  of  a  Breguet's 
thermometer  placed  inside.  Pressure  is  exerted  by  a  solid  piston,  the 
rod  of  which  is  moved  by  a  lever  connected  with  the  rod  by  a  Wattes 
parallelogram.  The  course  of  the  piston  is  limited  to  parts  pro- 
portional to  the  capacity  of  the  cylinder,  by  projections  which  stop  the 
motion  of  the  lever.  The  gases  are  introduced  into  the  cylinder  by 
two  tubes,  the  one  furnished  with  a  stop-cock  and  soldered  into  the 
lower  part  of  the  cylinder,  the  other  entering  just  under  the  piston 
when  it  is  at  the  top  of  its  course. 

In  the  following  table,  the  temperatures  inscribed  in  the  several 
columns  are  perhaps  too  low,  because  the  mass  of  the  Breguet^s  ther- 
mometer is  very  great  in  comparison  with  that  of  the  gas  which  heats 
or  cools  it. 

The  authors  propose,  in  future  researches,  to  eliminate  this  cause 
of  error  by  using  several  Breguet^s  thermometers  having  all  the  same 
surface  but  very  different  masses.  The  differences  in  their  indica- 
tions may  then,  perhaps,  furnish  a  correction  by  which  the  numbers 
in  the  following  table  may  be  reduced  to  the  values  which  they 
would  have  if  the  mass  of  the  thermometer  were  infinitely  small. 
It  may  be  useful  also  to  prevent  the  reflection  of  the  heat  at  the 
surface  of  the  thermometer  by  coating  it  with  lamp-black. 

In  the  following  table,  the  sign  +  corresponds  to  a  compression 
(C),  and  the  sign  —  to  a  dilatation  (D),  for  the  same  horizontal  line 
of  temperature  : 
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TABLE    OF    THE    THERMOMETRIC    RESULTS    PRODUCED    BY    SUDDEN 
CHANGE    OF    VOLUME    IN    GASES. 


>. 

Varia- 
tion of 

Varia- 
tion of 

Varia- 
tion of 

Accord 

ng  to   I) 

u  1  o  n  g. 

Varia- 
tion of 
tempe- 
rature 
for  a 
change 
of 

jo 

•J 

3 

s 

O 

Gases. 

Be- 
tween 

1 

atmo- 
sphere 

and  I 

Be- 
tween 

a 
atmo 
sphere 
and  1 

Be- 
tween 

1 
atmo- 
spheri- 
and  2 

Be- 
tween 

i 

atmo 
sphere 
and  2 

Be- 
tween 

i 

atmo. 
sphere 
and  2 

tempe- 
rature 
for 

betwt-en 
1  and  \ 

tempe- 
rature 
for 

tH 
between 
i  and  1 

tempe- 
rature 
for 

between 
1  and  2 

Specific 
huat   for 
constant 
volume. 

Ratio 
c 

c' 
of  the 
two  spe- 
cific 
heats. 

i 

atmo- 

atmo- 

atmo- 

volume 

6 

sphere. 

sphere. 

spliere. 

=  -rfF 

2 

Air     .    . 

C 
D 

+  56 
—5-0 

88 
76 

13-2 
12-8 

220 
20-4 

27G 
25-4 

00204 

00321 

0  0482 

1-421 

0-421 

3 

Oxygen  . 

C 
D 

+  56 
—47 

93 
7-6 

13-2 
13  2 

22.5 
20-8 

28-1 
25'5 

00204 

0  0339 

0-0482 

1-415 

0-421 

1 

Hydrogen 

C 
D 

+  97 
-50 

13-8 
8-5 

18-5 
137 

32-3 
222 

42-0 
27-2 

00354 

00504 

0-0675 

0407 

0-421 

6 

Carbonic 

acid     . 

C 

+4" 
—4-7 

73 
7  3 

11-3 
11-3 

18-6 
28-6 

23  3 
23-3 

00171 

0  0267 

0-0412 

1-249 

0  338 

0  337 

4 

Carbonic 

oxide  . 

c 

+  5-6 
—50 

86 
7-3 

126 
12  6 

21-2 
19-9 

26  8 
24  8 

00204 

00314 

0  04C0 

1-423 

0-423 

,5 

Nitrous 

oxide  . 

c 

D 

+  47 

—48 

66 
66 

110 
113 

17-6 
17-9 

223 
227 

0-0171 

00241 

0-0401 

1-227 

1343 

0-343 

The  numbers  in  the  fourth  column  of  figures  in  this  table  are  the 
sum  of  those  in  the  second  and  third.  They  comprise  the  changes 
of  volume  from  |  to  2  atmospheres.  The  numbers  in  the  fifth 
column  are  the  sum  of  the  numbers  in  the  first  three  columns ;  they 
therefore  comprise  the  changes  of  volume  from  j  to  2  atmospheres. 
The  authors  have  ascertained  by  experiments  of  verification,  that  the 
effect  of  several  successive  compressions  may  be  added  together 
without  introducing  any  error  into  the  final  result. 

It  will  be  seen,  that  the  heat  produced  by  the  compression  of  air 
and  the  cold  produced  by  its  expansion,  are  not  apparently  equal. 
The  same  is  true  for  all  the  other  gases,  being  most  conspicuous  in 
case  of  hydrogen.  The  difference  is  due  to  the  various  degrees  of 
conducting  power  of  the  different  gases  for  heat. 

The  conducting  power  of  a  gas  may  be  regarded  as  greater  or  less 
in  jn-oportion  to  the  difference  between  the  amounts  of  elevation  and 
dejn'ession  of  temperature  due  to  the  contraction  and  expansion.  The 
conducting  power  of  hydrogen  appears  to  exceed  that  of  all  other 
gases  as  much  as  that  of  metals  surpasses  that  of  earthy  substances. 
This  property  of  hydrogen  appears  to  account  for  the  ra])id  cooling 
of  ignited  bodies  immersed  in  it,  as  observed  by  Andrews  and 
Grove. 

The  table  likewise  shows  that  the  elevations  of  temperature  of 
the  compressed  gases  are  nearly  in  the  ratios  given  by  Dulong  for 
each  of  the  gases.  Hydrogen  deviates  from  this  law,  in  conse- 
quence of  its  great  conducting  power. 
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But  the  same  agreement  does  not  exist  with  regard  to  the  absolute 

elevations  of  tempcratux'e  for  each  gas  referred  to  a  variation  of  ^-^ 

of  the  original  volume,  and  compared  with  the  corresponding  numbers 

c 
calculated  by  Dulong  from  his  experiments  on  the  co-efficient  —  , 

and  the  numbers  obtained  by  Delaroche  and  Berard  for  the  specific 
heats  of  gases  under  constant  pressure.  This  difference  arises  from 
the  cause  already  noticed,  viz.,  the  diminution  in  the  rise  of  tem- 
perature caused  by  the  mass  of  the  thermometer. 

Part  IV. — Calorific  equivalents. 

In  the  preceding  parts  of  this  Memoir,  the  quantities  of  heat 
evolved  in  chemical  combinations  have  been  referred  to  the  unit  of 
weight  of  one  of  the  combining  bodies.  More  simple  and  comparable 
results  are,  however,  obtained  by  referring  them,  as  we  shall  now  do, 
to  masses  proportional  to  the  chemical  equivalents  of  the  bodies 
concerned. 

From  the  data  obtained  in  the  third  part  of  these  researches 
[vide  Table,  p.  243),  we  may  form  the  following  table,  in  which  each 
number  represents  the  sum  of  the  units  of  heat  evolved  by  a  binary 
compound  formed  in  equivalent  proportions,  the  weight  of  the 
equivalent  of  hydrogen  being  supposed  to  be  1  grm.  These  num- 
bers may  be  called  "  Calorific  Equivalents ;"  they  represent  the  heat 
evolved  by  the  equivalent  weight  of  the  resulting  compound : 


Metals, 

Oxides. 

Chlorides. 

Bromides. 

Iodides. 

Sulphides. 

Hydrogen      .     . 

34462 

23783 

9322 

3606 

2741 

Potassium 

— 

100960 

90188 

77268 

45638 

Sodium    . 

— 

94847 

— 

— 

— 

Zinc     .     . 

42451 

50296 

— 

— 

20940 

Iron     .     . 

37828 

49651 

— 

— 

17753 

Copper     . 

21885 

29524 

— 

— 

9133 

Lead    .     . 

27675 

44730 

32802 

23208 

9556 

Silver  .     . 

6113 

24800 

25618 

18651 

5524 

These  numbers  seem  to  show  that  the  most  stable  compounds  are 
those  whose  formation  is  attended  with  the  greatest  evolution  of 
heat. 

In  order,  however,  to  discuss  the  relations  which  may  be  deduced 
from  a  comparison  of  the  calorific  equivalents  of  different  compounds, 
it  is  necessary  to  consider  these  compounds  in  the  state  of  solution. 
For  the  solid  state  of  compounds  does  not  exhibit  comparable  condi- 
tions We  do  not  know  how  the  heat  of  combination  is  effected 
by  the  crystalline  form  which  a  body  assumes,  or  by  its   state  of 
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cohesion.  Everythiug,  in  short,  tends  to  show  that  the  conditions  of 
comparability  are  realized  only  when  the  bodies  are  in  the  state  of 
solution. 

In  fact,  whatever  bromide  or  iodide,  for  example,  may  exist  in 
solution,  the  quantity  of  heat  evolved  by  treating  it  with  chlorine  is 
always  the  same ;  similarly,  when  one  metal  is  substituted  for 
another,  whatever  may  be  the  soluble  compound  of  which  it  forms 
part,  as  among  those  contained  in  the  following  table. 

TABLE    OF    THE    CALORIFIC    EQUIVALENTS    OF    BINARY    COMPOUNDS 
IN    THE    STATE    OF    SOLUTION. 


Metals. 

Oxides. 

Ohio- 
rides. 

Bro- 
mides. 

Iodides. 

Sul- 
pliides. 

Moduli 
of  metals 
compared 
with  Po- 
tassium. 

Modulus 
of  each 
metal 
compared 
with  the 
preceding 

Hydrogen       .     . 
Potassium 
Sodium      .     .     . 
Zinc      .... 
Iron      .... 
Copper      .     .     . 

76238 
73510 

40191 
97091 
94326 
56567 
53350 
34500 

28484 
85678 
82616 

15004 
72479 
69143 

50969 
48340 

—  5726 

-2724 
—  40524 
-43/41 
-62591 

+  57216 

—  2724 
-37759 

—  3217 

-18850 

Moduli  of  Metal- 
loids   compared 
■vvith  Oxygen     . 

_ 

+  20834 

+  9273 

—  4063 

—  25219 





Moduli  of  Metal- 
loids   compared 
with  Chlorine  . 

—  11637 

-24994 

_ 



A  glance  at  the  preceding  table,  will  show  that  all  the  calorific 
equivalents  of  the  compounds  in  any  one  vertical  column  differ  from 
those  of  the  corresponding  compounds  in  the  other  columns,  by  a 
constant  quantity,  which  may  be  called  the  Modulus  of  the  Metalloids; 
it  denotes  the  quantity  to  be  added  or  subtracted,  in  order  to  pass 
from  the  calorific  equivalent  of  an  oxide,  for  example,  to  the  calorific 
equivalent  of  the  corresponding  chloride,  bromide,  &c. 

Also  that  the  calorific  equivalents  of  compounds  placed  on  the 
same  horizontal  line,  differ  from  the  calorific  equivalents  of  the  corre- 
sponding quantities  on  any  other  horizontal  line,  by  a  constant  quan- 
tity, which  may  be  called  the  Modulus  of  the  calorific  equivalents  of 
the  Metals. 

The  sign  —  jdaccd  before  a  certain  modulus  denotes  that  the 
calorific  equivalents  of  compounds  containing  the  element  assumed 
as  the  term  of  comparison  must  be  subtracted ;  the  sign  +  indicates 
that  they  must  be  added. 

If  the  state  of  solution  brings  tlic  various  binary  compounds  above 
mentioned  to   a  comparable  state,  the  question    is   much  simplified  ; 
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for,  if  we  would  ascertain  the  difference  introduced  by  each  metal 
united  to  the  same  metalloid,  it  is  sufficient  to  select  the  soluble 
binary  compounds.  On  the  other  hand,  if  the  same  metal  is  com- 
bined with  several  metalloids,  so  as  to  form  soluble  compounds,  the 
difference  caused  by  each  metalloid  will  also  be  known. 

It  follows,  from  the  experiments  above  detailed,  that  nitric,  hydro- 
chloric, hydrobromic  and  hydriodic  acid,  in  combining  with  the 
same  base,  soluble  or  insoluble,  and  forming  soluble  salts,  evolve 
equal  quantities  of  heat.  This  law  we  shall  generalize,  and  say  that 
to  attribute  theoretically  to  the  formation  of  an  insoluble  salt  the 
number  which  would  represent  its  calorific  equivalent,  apart  from  its 
insolubility,  it  is  sufficient  to  assign  to  it  the  same  number  that 
would  be  given  by  nitric  acid,  in  the  formation  of  a  really  soluble 
uitrate  with  the  base  in  question.  The  difference  between  this 
theoretical  number  and  the  real  number  arises  merely  from  the 
insolubility. 

The  following  table  contains  the  calorific  equivalents  of  binary 
compounds,  either  actually  or  hypothetically  soluble.  The  numbers 
followed  by  a  T,  are  calculated  theoretically,  according  to  the  con- 
ventions above  explained  : 


Metals. 

Oxides.          Chlorides. 

Bromides. 

Iodides. 

Sulphides. 

Hydrogen 



40192 

28404 

15004 

—6247  T 

Potassium 

76238 

97091 

85678 

72479 

50969 

Sodium     . 

73510 

94326 

82616 

69143 

48340 

Zinc     .     . 

35751  T 

56567 

44857  T 

31384  T 

10581  T 

Iron     .     . 

32554  T 

53350 

41640  T 

28167  T 

7364  T 

Copper 

13684  T 

34500 

22790  T 

9317  T 

—11486  T 

Lead    . 

21808  T 

42661  T 

31243  T 

18049  T 

—  3461  T 

Silver  . 

—2808  T 

18049  T 

6636  T 

—6563  T 

—28073  T 

By  subtracting  the  numbers  in  this  table  from  those  in  the  last 
but  one,  we  obtain  differences  which  represent  theoretically  the  quan- 
tity of  heat  absorbed  by  the  solution  of  the  compounds  in  question. 

To  bring  these  compounds  theoretically  to  the  soluble  state,  is  to 
ascertain  the  part  of  the  calorific  effect  due  to  the  change  of  state. 

HEAT  ABSORBED  IN  THE  HYPOTHETICAL  SOLUTION  OF  THE  FOLLOWING 

COMPOUNDS. 


Metals. 

Oxides. 

Chlorides. 

Bromides. 

Iodides. 

Sulphides. 

Hydrogen 

— 







8988 

Zinc    .... 

6700 

— 

— 

— 

10359 

Iron    .... 

5274 

— 

— 

— 

10388 

Copper     .     .     . 

8201 

— 

__ 

— 

20619 

Lead    .... 

5867 

2069 

1554 

5159 

13017 

Silver  .... 

8991 

16751 

18982 

25214 

33597 
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If  we  now  examine  the  relation  between  the  heat  evolved  and  the 


metalloids  above  considered 
according  to  the  compounds 
Chlorine,  Bromine,  Oxygen, 


energy   of   the  chemical   affinities,  the 
must  be  placed  in  the  following  order; 
of  each  metalloid  with  the  same  metal : 
Iodine,  Sulphur. 

And  the  metals  will  be  arranged  in  the  following  order,  which  will 
be  the  same  whether  we  consider  the  series  of  the  oxides,  chlorides, 
bromides,  iodides  or  sulphides :  Potassium,  Sodium,  Zinc,  Iron, 
Lead,  Copper,  Silver. 

This  order  agrees  tolerably  well  with  that  which  would  be  deduced 
from  a  general  view  of  the  chemical  reactions  of  these  metals  and  the 
stability  of  the  compounds  formed. 

Saline  Compounds. — Let  us  now  endeavour  to  institute  a  compa- 
rison between  the  quantities  of  heat  evolved  by  the  equivalent 
weights  of  various  bases  in  combining  with  1  equiv.  of  the  same  acid. 
The  table  may  be  formed  from  the  soluble  sulphates. 


Bases,  with  1  equiv.  of  oxygen 
(MO). 


Potash    .... 

Soda       .... 

Oxide  of  ammonium 

Magnesia     .     .     . 

Oxide  of  manganese 
,,  nickel 
„  cobalt 
„  iron  . 
„  zinc  . 
„  cadmium 
„        copper     . 


Units  of  Heat  evolved  by 

the  equivalent  of  each  base 

in  combining  with  40  grms. 

of  real  sulphuric  acid,  or 

1  equiv. 

1C083 
15810 
14690 
14440 
12075 
11932 
11780 
J  0872 
10455 
10240 
7720 


B 


Sesquioxide  of  aluminum 

„  iron  (or  oxide 

of  Ferricum  ?)    .     .     . 


ses(Mo03). 
A10f=17 

FeOA  =  27 


10948 
6736 


These  numbers  indicate  a  sufficiently  close  connection  between  the 
energy  of  the  affinities  of  the  various  bases  for  the  same  acid,  or  the 
degree  of  stability  of  the  compound  forn)ed,  and  the  quantities  of 
heat  disengaged  in  the  act  of  combination,  these  quantities  of  heat 
being  referred  to  weights  of  the  various  bodies  proportional  to  their 
chemical  equivalents. 
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Those  bases  which  form  insoluble  sulphates  arc  not  included  in  the 
table.  In  this  case,  the  phenomena  arc  no  longer  comparable,  and 
the  numbers  which  they  would  give  would  be  too  high. 

The  following  table  relates  to  Nitrates  formed  in  presence  of 
excess  of  water. 


Units  of  Heat  evolved  by 

Bases  of  the  formula  MO. 

Equivalents  of 
the  bases 

an  equivalent  of  each  base 
in  combining  with  54  grms. 

(H  =  lgrni). 

of  nitric  acid. 

Oxide  of  calcium  .... 

28  grms. 

16943 

„        strontium 

58      „ 

16943 

„       barium     .... 

76      „ 

15360 

„       potassium 

47      „ 

15510 

„       sodium     .... 

31       „ 

15283 

„       ammonium   . 

26      „ 

13676 

„       magnesium  . 

20      „ 

12840 

„       manganese    .     .     . 

35      „ 

10850 

„       nickel      .... 

38      „ 

10450 

„       cobalt      .... 

38      „ 

9056 

„       iron 

36      „ 

9648 

„       lead 

112      „ 

9240 

„       zinc 

41      „ 

8323 

„       cadmium 

61      ,, 

8116 

„       copper     .... 

40      „ 

6400 

„       silver 

116      „ 

6206 

The  bases  of  this  table  follow  one  another  in  the  same  order,  with 
regard  to  the  heat  evolved,  as  those  of  the  preceding  table,  which 
relates  to  sulphuric  acid. 

Magnesia  and  ammonia  are  tolerably  near  each  other ;  the  oxides 
of  manganese,  nickel  and  cobalt,  evolve  quantities  of  heat  which  are 
sensibly  equal.  Oxide  of  lead,  which  satui'ates  acids  much  more 
completely  than  the  other  oxides  of  the  same  class,  evolves  much  more 
heat  than  oxide  of  copper. 

Sulphuric  and  phosphoric  acid,  in  combining  with  bases,  evolve 
more  heat  than  nitric,  hydrochloric,  hydrobomic  and  hydriodic  acid. 
Of  the  three  varieties  of  phosphoric  acid,  the  monohydrated  acid 
evolves  the  smallest  and  the  terhydrated  the  largest  quantity  of  heat. 

Among  the  organic  acids,  oxalic,  formic,  acetic,  valerianic,  and 
citric  acids  evolve  about  equal  quantities  of  heat,  but  less  than  the 
mineral  acids  just  mentioned.  Lastly,  tartaric,  carbonic,  and  hydro- 
sulphuric  acid  evolve  less  heat  than  any  other  acids.  All  these 
peculiarities  will  be  clearly  seen  by  inspection  of  the  following  table, 
the  numbers  in  which  express  the  quantities  of  heat  evolved  in  the 
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combination   of  various  acids    with   bases    in    equivalent  quantities. 
The  table  includes  only  soluble  compounds. 


Acids. 

Basic 
Protoxides. 

o 
'C 

3 

a. 

3 

tn 

o  .~ 

u   ^ 

■a  o 
>.— 
Wu 

156.^6 
15128 

13536 

13220 

11235 
10412 
10374 
9828 
8307 
8109 
6416 

|l 

Ph 

HO 

16168 
15407 

ospho 

2H0 

16920 
1.5655 

ric. 
3  HO 

o 

< 

5 
13500 

o 

13658 
13178 

X 

O 

i2 

"5 

o 

12878 

> 

o 

S3 

■a  J3 

>.  Q. 

Potash      . 
Soda     .     . 
Oxide      of 

ammo- 
nium 
Magnesia  . 
Oxide      of 
manganese 
Oxide      of 

nickel 
Oxide      of 

col)alt    . 
Oxide      of 

iron  .     . 
Oxide      of 

zinc   .     . 
Oxide      of 

cadmium 
Oxide      of 

copper  . 

1608,H 
I.WIO 

I.JC90 
14440 

12075 

11932 

11780 

10872 

10455 

10240 

7720 

irisio 

15283 

I.S676 

12840 

10850 
10450 
9956 
9648 
8323 
8116 
6400 

15510 
15159 



15698 
15097 

17766 

13308 

1397.-- 
13600 

12649 
12270 

9982 

9245 

9272 

8590 

7720 

7546 

5264 

13752 

13425 
12651 

6477 
6550 

Part  V. — Chemical  action  of  the  solar  rays. 

Draper  has  shown  that  chlorine,  which  has  been  insolated — that 
is,  exposed  to  the  direct  rays  of  the  sun — will  afterwards  combine 
with  hydrogen  in  the  dark. 

Favre  and  Silbermann  were  induced  by  this  result  to  examine 
further  the  modifications  produced  in  chlorine  by  the  action  of  the 
solar  rays.     They  have  found  : 

1.  That  the  heat  evolved  by  the  action  of  previously  insolated 
chlorine  on  caustic  potash,  is  greater  than  that  evolved  by  the  action 
of  non-insolated  chlorine,  the  action  in  both  cases  taking  place  in 
perfect  darkness.  1  grm,  of  chlorine  acting  on  a  concentrated 
solution  of  caustic  potash,  evolves  the  following  quantities  of  heat : 

Insolated  chlorine.         .          .         .     478*85  units  of  heat. 
Chlorine  not  insolated  .         .         .     439*70  „ 


Difference 


3915 


The  authors  have  also  examined  the  effect  produced  on  a  mixture 
of  chlorine  and  hydrogen,  by  the  various  parts  of  the  solar  spec- 
trum. Fifty  small  tubes  filled  with  the  mixture,  and  standing  over 
water,  were  ])laccd  close  together  in  a  row,  and  cxj)oscd  to  a 
Fraucnhofer's  spectrum,  projected  horizontally.  By  this  arrange- 
ment each  tube  was  exposed  to  the  action  of  a  single  colour.  It 
was  fomVd  that,    in  the   morning,  with   a  white  sky,   the  maximum 

s  2 
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effect  was  produced  towards  the  fixed  line  H  ;  in  the  middle  of 
the  day  towards  G ;  the  maximum  effect  for  the  whole  day  was  like- 
wise towards  that  part ;  in  the  evening  towards  F.  The  relati\  e 
effects  in  the  different  parts  of  the  spectrum  are  represented  by 
curves,  for  which  we  must  refer  to  the  Memoir. 

QUANTITIES    OF     HEAT    EVOLVED    IN     CHEMICAL    ACTIONS     PRODUCED 
BY    THE    ELECTRIC    CURRENT. 

The  result  of  the  authors'  experiments  on  this  subject,  are  com- 
prised in  the  three  following  propositions  ; 

1.  The  time  required  for  the  decomposition  of  a  given  weight  of 
water,  is  pi'oportional  to  the  intensity  of  the  current. 

2.  Those  parts  of  a  given  circuit  which  offer  equal  resistance  to 
the  current,  evolve  equal  quantities  of  heat. 

3.  When  a  voltameter  and  a  platinum  wire  offering  equal  resist- 
ance to  the  current,  are  placed  in  the  same  circuit,  the  quantities  of 
heat  evolved  by  the  two  are  equal,  provided  the  heat  absorbed  by  the 
decomposition  of  the  water  is  taken  into  account. 


Researches  on  Didymiain  and  its  principal  compounds. 
By  C.  Marignac* 

This  paper  is  a  continuation  of  the  author's  researches  on  the 
cerium-metals.  In  a  former  Meraoir,t  he  has  treated  of  the 
separation  of  the  oxides  of  the  three  allied  metals,  and  determined 
the  atomic  weights  of  cerium  and  lanthanum,  and  approximately 
that  of  didymium.  To  obtain  pure  oxide  of  cerium,  he  treats 
the  mixtm-e  of  the  three  oxides,  first  with  very  dilute  and  then 
with  stronger  nitric  acid,  which  latter  extracts  the  last  traces  of 
lanthanum  and  didymium.  The  oxides  of  the  latter  metals  can 
also  be  obtained  quite  free  from  cerium  by  evaporating  to  dryness 
the  solution  obtained  with  dilute  nitric  acid,  igniting  the  residue, 
and  again  treating  it  with  nitric  acid  diluted  with  at  least  two 
hundred  times  its  weight  of  water. — The  oxides  of  lanthanum 
and  didymium  were  separated  one  from  the  othei',  by  Mosander's 
method,  viz.,  by  dissolving  the  mixed  sulphates  to  saturation  in 
water  at  5°  or  6°  C,  and  heating  the  solution  to  about  30°,  w'here- 
upon  sulphate  of  lanthanum  crystallizes  out,  while  the  greater 
part  of  the  sulphate  of  didymium  remains  in  solution.  By  repeated 
application  of  this  treatment,  the  sulphate  of  lanthanum   may  be 

*  Ann.  Ch.  Phys.  [3]  XXXVIII,  148.  t  IWd-  XXVII,  209. 
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obtained  pure  and  colourless ;  and  the  sulphate  of  didymium, 
separated  as  above  from  the  greater  part  of  the  lanthanum-salt,  may 
be  further  purified  by  crystallizing,  picking  out  the  darkest  coloured 
crystals,  i-ecrystallizing  these,  and  repeating  this  process  several 
times.  In  the  present  Memoir,  the  author  adds  that  the  separation  of 
lanthanum  and  didymium  may  be  considerably  facilitated  by  first 
dissolving  the  oxides  in  a  large  excess  of  nitric  acid,  and  precipitating 
in  several  successive  portions  by  oxalic  acid  ;  the  first  precipitates 
thus  formed,  are  of  a  much  deeper  rose-colour  and  much  richer 
in  didymium  than  the  lattei'.  The  separation  thus  efi'ected  is  very 
imperfect  in  itself,  but  it  greatly  facilitates  the  subsequent  separation 
of  the  sulphates,  which  is  much  more  rapid  when  one  of  the  oxides 
is  already  in  great  excess  with  regard  to  the  other. 

The  atomic  weights  of  the  three  metals  are  determined  by 
ascertaining  the  quantity  of  chloride  of  barium  required  to  decompose 
a  given  weight  of  the  sulphates.  In  this  manner  the  author,  in 
his  former  Memoir,  estimated  the  atomic  weight  of  cerium  at 
4726  ;  that  of  lanthanum  at  47'04;  and  that  of  didymium  at  49-4. — 
In  the  present  Memoir  he  returns  to  the  consideration  of  the  atomic 
weight  of  didymium,  and  states  that  trom  trials  which  he  has  made  of 
the  determination  of  the  atomic  w^eights  of  other  oxides  by  the 
same  method,  he  finds  that  it  can  never  be  entirely  depended  upon, 
because,  in  most  cases,  when  a  sulphate  is  precipitated  by  chloride 
of  barium,  the  precipitated  sulphate  of  baryta,  even  when  a  large 
excess  of  chloride  of  barium  is  used,  carries  down  with  it  a  very 
sensible  portion  of  the  soluble  sulphate,  and  retains  it  in  spite  of 
repeated  washing.  On  applying  to  his  former  results,  a  correction 
on  account  of  this  error,  he  finds  the  atomic  weight  of  didymium 
to  be  =  47-95. 

To  check  this  result,  another  method  was  used,  viz.,  the  pre- 
cipitation of  a  solution  of  the  sulphate  by  oxalate  of  ammonia. 
The  oxalate  of  didymium  is  completely  insoluble  in  a  neutral  liquid ; 
it  washes  easily,  and  docs  not  retain  any  sulj)huric  acid.  To  convert 
it  into  protoxide  of  didymium,  it  is  first  roasted,  and  then  strongly 
ignited  by  a  powerful  lamp,  or  still  bettei',  in  a  furnace,  in  order 
to  convert  the  peroxide  of  didymium  into  protoxide.  This  method 
gives  for  the  atomic  weight  of  the  metal,  the  number  47'85. 

Lastly,  the  atomic  weight  was  determined  by  the  analysis  of  the 
chloride.  The  author  found  it  ini])ossible  to  obtain  a  correct  result 
by  weighing  a  portion  of  the  cldoride,  and  determining  the  chlorine 
therein,  because  a  solution  of  the  chloride,  when  evaporated  to 
dryness,  gives  off  a  considerable  quantity  of  hydrochloric  acid,  and 
leaves  a  residue  partly  insoluble  in  water,  the  insoluble  ])ortion  being 
])robably  an  oxychloridc ;  he  therefore,  without  weighing  the  chloride, 
precii)itatcd  the  chlorine  by  nitrate  of  silver,  the  excess  of  silver  by 
liydrochloric    acid,    and   then    the    oxide    of   didymium    by   oxalate 
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of  ammonia.  A  comparison  of  the  weights  of  the  chloride  of  silver, 
and  oxide  of  didymium  obtained,  gave  for  the  atomic  weight  of 
the  lattei*,  in  three  experiments,  the  numbers,  56*26,  55*91,  and 
55*86,  the  mean  of  which  is  56*01 . 

From  a  comparison  of  all  these  results,  the  author  adopts  for  the 
oxide  the  number  56,  and  consequently  for  the  metal,  48. 

The  author  next  proceeds  to  examine  the  properties  of  didymium 
and  of  some  of  its  compounds. 

Metallic  Didymium. — The  metal  was  prepared  by  heating  potas- 
sium with  an  excess  of  chloride  of  didymium,  in  a  porcelain  tube 
closed  at  one  end,  the  chloride  having  been  previously  fused  with 
sal-ammoniac.  The  product  was  scoriaceous,  rather  than  fused, 
although  it  had  been  subjected  to  tolerably  strong  ignition ;  cold 
water  extracted  from  it,  chloride  of  potassium  and  chloride  of 
didymium,  and  left  a  greyish  pulverulent  substance,  from  which 
bubbles  of  hydrogen  continually  escaped.  This  residue  consisted 
partly  of  a  grey  metallic  powder,  and  partly  of  a  greyish-white 
crystalline  powder,  probably  oxychloride  of  didymium.  The  latter 
was  partially  removed  by  levigation,  but  the  grey  powder  was  not 
obtained  sufficiently  pure  to  take  its  density.  When  thrown  into  an 
alcohol  flame,  each  metallic  particle  produced  a  bright  spark  like 
those  which  accompany  the  combustion  of  iron  in  oxygen.  In  one 
of  these  experiments,  there  were  found  in  the  midst  of  the  pulverulent 
muss,  two  small  metallic  granules,  which  had  probably  fused  at  the 
first  instant  of  the  action  of  the  potassium  on  the  chloride  of 
didymium;  they  were  of  an  iron-grey  colour,  with  considerable 
lustre  on  the  fractured  surfaces,  which  however  soon  tarnished ; 
they  flattened  a  little  under  the  hammer,  but  soon  afterwards  broke 
to  pieces.  One  of  these  fragments,  heated  on  charcoal  before  the 
blow-pipe,  did  not  melt,  but  after  a  while  was  converted  into  a 
friable  mass  of  oxide,  without  having  exhibited  any  particular 
phenomenon  of  combustion.  These  metallic  fragments  did  not 
appear  to  decompose  water  in  the  cold,  but  on  the  following  day 
they  were  found  to  be  converted  into  a  flocculent  mass  of  oxide, 
perhaps  by  the  influence  of  atmospheric  oxygen.  It  appears 
then  that  didymium  decomposes  water  at  ordinary  temperatures 
when  it  is  in  the  state  of  powder,  but  not  after  it  has  been  fused. 
In  either  case,  the  addition  of  an  acid  instantly  gives  rise  to  rapid 
evolution  of  hydrogen. 

Protoxide. — There  appears  to  be  but  one  oxide  of  didymium 
capable  of  acting  as  a  base,  the  peroxide  giving  off"  oxygen  before  it 
dissolves  in  acids.  The  protoxide  is  readily  obtained  by  calcining 
the  nitrate,  oxalate,  carbonate,  or  the  hydrate  precipitated  by  caustic 
alkalies.  It  is  brown  only  when  mixed  with  peroxide ;  strong  ignition 
renders    it    perfectly    white.     Hydrogen  has    no  action  upon  it  at 
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a  red  heat,  and  does  not  alter  its  whiteness.  When  once  brought 
by  strong  ignition  to  the  state  of  pure  protoxide,  it  does  not  become 
peroxidized,  or  turn  brown  by  moderate  ignition  in  contact  with 
the  air,  not  even  by  fusion  with  nitre ;  but  if  a  httle  nitric  acid  be 
added  to  it,  and  the  calcination  repeated,  the  oxide  assumes  a  dark 
brown  colour,  which  disappears  by  a  stronger  calcination. 

Protoxide  of  didymium  is  a  veiy  strong  base,  but  little  inferior  in 
this  respect  to  oxide  of  lanthanum ;  even  after  very  strong  ignition, 
it  dissolves  \vith  the  utmost  facility  in  the  weakest  acids,  with  con- 
siderable rise  of  temperature,  and  without  giving  off  any  gas.  It 
dissolves  also  in  ammoniacal  salts  at  a  boiling  heat,  expelling  the 
ammonia.  It  rapidly  absorbs  carbonic  acid  from  the  air.  Water, 
with  the  aid  of  heat,  gradually  converts  it  into  a  hydrate ;  but  the 
conversion  is  not  complete  till  after  the  lapse  of  two  or  three  days. 

The  hydrated  oxide  precipitated  from  a  solution  of  the  chloride  by 
potash  or  ammonia,  is  gelatinous  and  resembles  alumina,  but  has  a 
very  pale  rose  colour.  It  is  almost  impossible  to  free  it  completely 
from  chlorine  by  washing ;  but  the  quantity  which  remains  is  too  small 
to  constitute  a  basic  salt.  The  hydi'ate  contracts  much  by  desiccation, 
and  assumes  a  greyish-rose  tint.  After  being  dried,  first  in  vacuo, 
and  then  in  a  stove  at  100°,  it  loses  by  strong  calcination  15  per  cent 
of  its  weight.     Hence  it  contains  1  atom  of  water  : 

DiO    .    .    56       86-15 
HO    .    .     9       13-85 


DiO,  HO.    .    65      100  00 

It  had  probably  absorbed  a  small  quantity  of  carbonic  acid  daring 
desiccation. 

The  salts  of  didymium  have  genei'ally  a  pure  rose  colour,  like  the 
sulphate,  or  slightly  violet,  like  the  nitrate  in  a  state  of  strong 
solution.  Caustic  alkalies  added  to  the  solutions  throw  down  the 
gelatinous  hydrate  ;  the  alkaline  carbonates  and  bicarbonatcs  throw 
down  carbonate  of  didymium  completely  insoluble  in  an  excess  of 
these  reagents ;  hydrosulphate  of  ammonia  likewise  precipitates  the 
hydrate.  Carbonate  of  baryta  precipitates  oxide  of  didymium  from 
its  salts,  slowly  but  com])letely,  even  without  the  aid  of  heat.  Oxalate 
of  annuonia  also  throws  it  down  completely  from  neutral  solutions ; 
even  oxalic  acid  ])rccipitates  it  almost  completely,  provided  the  solution 
does  not  contain  a  great  excess  of  a  strong  acid.  The  sidphates  of 
potash,  soda  and  ammonia  form,  immediately  in  concentrated  solutions, 
and  after  some  time  in  dilute  solutions,  rose-white  precipitates  of 
double  sulphates,  slightly  soluble  in  water,  and  less  soluble  in  an 
excess  of  the  reagent,  but  not  perfectly  insoluble  therein ;  the 
sodium-salt  is  the  least  soluble  of  the  three.  Phosphoric  and  arsenic 
acids  at  a  boiling  heat  form  precipitates  sparingly  soluble  in  acids. 
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Before  the  blow-pipe,  oxide  of  didymium  imparts  to  borax  and 
phosphorus-salt  a  very  pale  rose  colour,  like  that  produced  by  a  very 
small  quantity  of  oxide  of  manganese.  It  does  not  colour  carbonate 
of  soda. 

Peroxide. — When  oxide  of  didymium  has  not  been  very  strongly 
ignited,  it  exhibits  a  reddish -brown  colour  more  or  less  deep.  It  is 
then  in  the  state  of  peroxide,  dissolves  in  oxygen -acids  with 
evolution  of  oxygen,  and  in  hydrochloric  acid  with  evolution  of 
chlorine.  It  dissolves,  however,  in  these  acids,  even  when  extremely 
dilute,  absorbs  carbonic  acid  from  the  air,  and  expels  ammonia  from 
its  salts  like  the  protoxide.  It  is  likewise  ultimately  converted  into 
hydrate  by  boiling  with  water ;  but  the  change  does  not  become 
perceptible  for  several  hours. 

This  oxide  may  be  obtained  by  roasting  the  oxalate  or  the  car- 
bonate ;  but  when  thus  prepared,  it  always  retains  carbonic  acid,  the 
carbonate  requiring  strong  ignition  to  decompose  it  completely.  The 
peroxide  may  be  more  conveniently  prepared  by  calcining  the  nitrate. 

This  brown  oxide  does  not  appear  to  be  a  definite  compound,  the 
excess  of  oxygen  in  it  being  small  and  variable,  amounting  in  different 
preparations  to  0"32,  0*49,  Oo3,  0'51  and  088  per  cent.  It  is 
probably  a  mixture  of  the  protoxide  with  a  peroxide  of  definite 
composition.  It  is  so  easily  attacked  by  acids,  that  when  it  is  mixed 
with  carbonate,  the  latter  is  the  last  dissolved. 

Sulphide. — When  protoxide  of  didymium  is  calcined  with  carbonate 
of  soda  and  excess  of  sulphur,  and  the  fused  mass  digested  in  water, 
there  remains  a  greyish-white  insoluble  residue,  which,  after  desic- 
cation in  vacuo,  suffers  no  loss  of  weight  by  ignition  in  a  current  of 
hydrogen. 

It  dissolves  completely  in  dilute  hydrochloric  acid,  giving  off  a 
small  quantity  of  sulphuretted  hydrogen.  It  is  not  so  quickly 
attacked  as  the  oxide,  and  does  not  appear  to  be  separated  by  this 
treatment  into  2  parts  which  dissolve  one  after  the  other. 

Analysis  shows  it  to  be,  not  a  sulphide,  but  an  oxysulphide  con- 
taining 1  atom  of  sulphide  to  2  atoms  of  oxide  : 

Found. 

80-58  — 

9'39         8-50 

2DiO,  DiS     .     .     176       10000 

The  pure  sulphide  of  didymium  is  obtained  by  passing  the  vapour 
of  sulphide  of  carbon  carried  forward  by  a  stream  of  hydrogen,  over 
oxide  of  didymium  heated  to  redness  in  a  porcelain  tube.  Prepared 
in  this  manner,  the  sulphide  does  not  form  a  fused  mass,  but  a  powder 
of  a  light  brownish-green  colour.     When  moistened  with  water,   it 


Calculated. 

3Di     . 

.     144 

81-82 

20      . 

.       16 

909 

S      . 

.       16 

909 
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exhales  au  odour  of  sulphuretted  hydrogen,  without  however  giving 
off  bubbles  of  the  gas  when  immersed  in  water ;  it  does  not  dissolve 
in  water.  Acids,  even  when  very  dilute,  decompose  it  with  evolution 
of  sulphuretted  hydrogen.  Heated  on  platinum-foil,  it  becomes 
ignited  like  protoxide  of  tin,  and  is  converted  into  oxide  mixed  with 
subsulphate. 

2'742  parts  of  protoxide,  containing  0-392  of  oxygen,  produced 
3"124  of  sulphide.  Hence  the  0-392  of  oxygen  was  replaced  by  0-774 
of  sulphur.     The  formula  DiS  requires  0*784. 

Chloride. — The  solution  of  oxide  of  didymium  in  hydrochloric  acid 
is  of  a  pure  rose  colour.  When  sufficiently  concentrated  by  heat,  it 
deposits  on  cooling,  rose-coloured  crystals  of  considerable  size,  con- 
sisting of  the  hydrated  chloride.  These  crystals  are  deliquescent, 
which  renders  it  difficult  to  determine  their  form.  They  are  rhomboidal 
prisms  of  78°,  with  an  oblique  base  inclined  92°  to  the  faces  of  the 
prism. 

This  chloride  is  very  soluble  in  water  and  alcohol.  Its  solution 
cannot  be  evaporated  to  dryness  without  giving  off  hydrochloric  acid; 
and  on  digesting  the  residue  in  water,  part  of  it  dissolves,  but  there 
remains  a  white  insoluble  residue,  which  is  an  oxychloride. 

The  composition  of  the  chloi'ide  is  as  follows  : 

Calculated.  Found. 

Di       .     .     .     48  0  40-18  40-25 

CI       .     .     .     35-4  29-68  29-70 

4H0     .     .     .     36-0  30-14  31-71 


DiCl,  4H0    .     .  119  4  10000 


The  insoluble  oxychloride  formed  by  evaporating  the  chloride  to 
dryness,  docs  not  yield  constant  results  on  analysis.  After  drying 
in  vacuo,  it  does  not  give  off  water  at  100°,  but  loses  from  10  to  11 
per  cent  of  its  M'cight  by  calcination.  Prolonged  calciiuition  in 
contact  with  the  air  does  not  appear  to  expel  the  chlorine,  the  com- 
pound not  turning  brown.  It  was  analyzed  by  dissolving  it  in  cold 
dilute  nitric  acid,  and  determining  successively  the  chlorine  and  the 
oxide  of  didymium,  the  water  being  estimated  by  loss. 

Calculated.  Found. 

DiCl 83-<16     37-52         35-60     31-48     3602 

2DiO 11200     50-35         5336     55-64     5209 

3110 2700     12-13         11-04     1288     1129 


DiCl,2DiO  +  3HO     222-46  10000 

These  results  show  that  the  products  of  different  preparations  have 
not  exactly  the  saine  composition,  jiossibly  because  they  contain 
portions  of  oxide  in  the  state   of  sinqjle   mixture.     After  the  oxy- 
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chloride  has  been  exposed  for  some  time  to  the  air,  it  dissolves  in 
acids  with  effervescence,  which  shows  that  it  has  absorbed  car- 
bonic acid. 

Nitrate. — This  salt  is  extremely  soluble  in  water.  Its  solution  is 
of  a  pure  rose  colour  when  dilute,  but  appears  violet  by  reflected  light 
w'hen  concentrated.  A  syrupy  solution  solidifies  on  cooling  in  a 
crystalline  mass,  but  too  deliquescent  and  too  much  saturated  with 
mother-liquor  to  admit  of  a  determination  of  the  crystalline  form. 

It  gives  off  its  water  with  difficulty,  not  becoming  anhydrous  till  it 
undergoes  the  igneous  fusion  at  a  temperature  above  300°  C.  If  it 
be  very  carefully  raised  to  this  temperature,  it  does  not  decompose, 
and  is  still  capable  of  redissolving  completely  in  w^ater.  It  then 
exhibits  the  composition  of  an  anhydrous  neutral  nitrate. 

Calculated.  Found. 

DiO     .     .     .     56-  50-91  50-48 

NO,     ...     54-  49-09  — 


DiO,  NO5      .  110-  100-00 

The  anhydrous  nitrate  dissolves  in  alcohol  of  96  per  cent  as  readily 
as  in  water ;  the  solution  does  not  become  turbid  even  on  the  addition 
of  a  large  quantity  of  ether.  The  salt  does  not  however  dissolve  in 
ether  alone. 

If  it  be  raised  to  a  higher  temperature  after  fusion,  it  decomposes, 
giving  off  copious  fumes  of  hyponitric  acid.  Soon  afterwards  it 
becomes  pasty,  swells  up,  and  leaves  a  white,  porous,  light  mass, 
which  subsequently  changes  to  the  brown  peroxide. 

If  the  residue  be  treated  with  v»'ater  when  the  decomposition  has 
but  just  begun,  the  water  dissolves  out  a  portion  of  neuti-al  nitrate, 
and  leaves  a  white  residue  tinged  with  rose  colour.  This  residue 
contains  nitric  acid  without  nitrous,  as  may  be  readily  ascertained  by 
treating  it  with  sulphuric  acid.  The  composition  of  this  sub-salt  is 
as  follows  : 


Calculated. 

Founc 

. 

4  DiO     . 

.     224 

69-35 

68-75 

71-20 

NO5     . 

.       54 

16-72 

17-69 

15-19 

5  HO     . 

.       45 

13-93 

— 

— 

4  DiO,  NO5  +  5  Aq .     323       100-00 

This  product  is  very  probably  a  mixture  of  a  subnitrate  with  the 
protoxide  of  didymium,  hydrated  or  anhydrous. 

Phosphate. — A  concentrated  solution  of  phosphoric  acid  does  not 
produce  an  immediate  precipitate  in  a  strong  solution  of  nitrate  of 
didymium,  but  at  the  end  of  an  hour  or  two,  a  white,  pulverulent 
precipitate  is  formed.     The  addition  of  a  large  quantity  of  water 
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causes  the  precipitate  to  form  immediately.  The  greater  part  of  the 
oxide  of  didymium  is  ultimately  carried  down  in  this  precipitate.  It 
is  insoluble  in  water,  very  sparingly  soluble  in  dilute  acids,  but 
dissolves  readily  in  the  strong  acids  when  concentrated. 

After  desiccation  m  vacuo,  it  gives  off  by  calcination  7'02  per  cent, 
or  2  atoms  of  water.     It  is  tribasic. 

Calculated.  Found. 

PO5     .     .     .       71  29-71  — 

3DiO     .     .     .     168  70-29  70-19 


3DiO,  PO5.     .     239  10000 

Arseniate. — Arsenic  acid  does  not  precipitate  the  solutions  of 
didymic  salts  at  ordinary  temperatures,  even  after  a  considerable 
time.  But  on  boiling  the  liquid,  a  copious  precipitate  is  formed, 
and  very  little  oxide  of  didymium  remains  in  solution.  Neutral 
arseniate  of  potash  instantly  precipitates  didymic  salts  at  ordinary 
temperatures. 

Arseniate  of  didymium  prepared  by  either  of  these  processes  has 
the  same  composition.  But  when  precipitated  at  a  boiling  heat,  it 
is  pulverulent,  and  remains  so  after  desiccation  ;  when  precipitated 
in  the  cold,  it  is  slightly  gelatinous,  and  maintains  after  drying, 
a  certain  degree  of  transparence  and  a  rose  colour.  It  is  but  slightly 
soluble  in  dilute  acids. 

After  drying  in  vacuo,  it  does  not  give  off  any  water  at  100°, 
but  only  by  calcination ;  the  proportion  thus  evolved  cannot  be 
])recisely  determined.  For,  after  the  water  has  been  expelled,  the 
salt  gradually  decomposes  by  roasting,  and  diminishes  continually 
in  weight.  To  obtain  an  exact  determination  of  the  water,  it  is 
necessary  to  calcine  the  salt  with  a  known  weight  of  oxide  of  lead. 
The  rest  of  the  analysis  is  made  in  the  usual  way,  and  leads  to  the 
following  results : 

Calculated.  Found. 

SAsOg     .     .  230    43-56    ^ — -^^v^ ^ 

5  BiO       .     .  280    5303    5294  5334  5404  53-98  5350 
2  110        .     .     18      3-41      3-86     388 


5DiO,2As05  +  2Aq.  528  100-00 

The  composition  of  this  salt  being  somewhat  unusual,  the 
analyses  were  repeated  on  samjiles  ])repared  in  various  ways,  some- 
times with  neutral,  sometimes  with  strongly  acid  solutions,  but 
always  with  the  same  result. 

Carbonate. — The  alkaline  carbonates  and  bicarbonatcs  produce 
in  salts  of  didymium,  very  bulky,  white  ])recipitates,  tinged  with 
rose  colour,  completely  insoluble  in  excess  of  the  re-agents,  and 
never  appearing  to   assume  the  nacreous   and  lamellated  aspect  ot 
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the  carbonates  of  cerium  and  lanthanum,  even  after  long  immersion 
in  the  liquid  in  which  they  are  formed. 

The  carbonate  prepared  in  the  cold  with  bicarbonate  of  ammonia 
and  nitrate  of  didymium,  and  dried  in  vacuo,  gave  the  following 
results  on  analysis : 


Calculated. 

Found. 

DiO     .     . 

.     .     56 

5833 

58-39 

CO2     .     . 

.     .     22 

22-92 

22-95 

2H0   .     . 

.     .     18 

18-75 

DiO,C02  +  2Aq.    .     .     96  100-00 

At  100°,  this  salt  loses  14-36  per  cent  of  its  weight,  corresponding 
tol^  atom  of  water.  But  the  analysis  of  the  salt  thus  dried,  proves 
that  it  has  also  lost  a  small  quantity  of  carbonic  acid  : 


Calculated. 

Found. 

DiO     .     . 

.     56-0 

67-88 

68-16 

CO2    .     . 

.     220 

26-66 

25-63 

iHO       . 

.       4-5 

5-46 

82-5  100-00 

From  this  it  would  appear,  that  the  neutral  anhydrous  carbonate 
cannot  be  obtained  by  drying  the  hydrated  salt. 

Sulphite. — Oxide  of  didymium,  strongly  calcined  and  suspended 
in  water,  is  readily  dissolved  by  a  stream  of  sulphurous  acid  gas. 
The  solution  is  of  a  pure  rose  colour.  As  soon  as  it  is  heated, 
it  becomes  very  turbid,  forming  a  very  light  and  bulky  precipitate, 
which  redissolves  as  the  liquid  cools.  But  if  the  temperature  be 
raised  to  the  boiling-point,  so  as  to  expel  the  excess  of  sulphurous 
acid,  the  precipitate  becomes  pulverulent,  of  a  rose-white  colour, 
and  no  longer  dissolves  on  cooling.  The  liquid  retains  mere  traces 
of  oxide  of  didjTnium,  due  to  the  formation  of  a  small  quantity 
of  sulphuric  acid,  for  the  sulphite  appears  to  be  quite  insoluble. 

Suspended  in  water  and  exposed  to  a  stream  of  chlorine,  it  dis- 
solves readily,  and  is  converted  into  sulphate;  on  evaporating  the 
liquid  to  dryness,  a  residue  of  pure  neutral  sulphate  is  obtained. 
When  ignited,  it  gives  off  sulphurous  acid,  and  is  converted  into 
oxide  mixed  with  a  small  quantity  of  subsnlphate.  After  drying 
in  vacuo,  it  retains  2  atoms  of  water,  like  the  carbonate. 


Calculated. 

Found. 

DiO     .     . 

.       56 

52-83 

53-36 

SO,     .     . 

.       32 

30-19 

30-42 

2H0    .     . 

.       18 

16-98 

DiO,S02  +  2Aq.    .     106  100-00 
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Sulphate. — Formed  by  dissolving  the  oxide  or  carbonate  in  dilute 
sulphuric  acid.  The  solution  is  rose-coloured,  and  deposits,  by 
spontaneous  evaporation,  dark  rose-coloured,  shining  crystals,  having 
the  form  of  an  oblique  rhomboidal  prism.  The  crystals  are  often 
macled  parallel  to  the  anterior  edge  of  the  prism;  they  cleave 
readily  and  distinctly  in  a  direction  parallel  to  the  base.  They 
give  off  their  water  at  200°,  leaving  an  anhydrous  powder  which 
may  be  heated  to  redness  without  undergoing  any  further  alteration. 


DiO     . 
SO3     . 

.     .     56 
.     .     40 

Calculated. 

58-33 
41-67 

Found. 

58-27 

DiO,S03      .     .     96  100-00 

The  crystals  differ  altogether  in  form  from  those  of  the  sulphate 
of  lanthanum,  and  contain  ^  of  an  equivalent  of  water  less. 
Crystallized  sulphate  of  lanthanum  contains  3  atoms  of  water ; 
LaO,  SO3  +  3  Aq. ;  but  the  formula  of  the  rhombic  crystals  of 
sulphate  of  didymium  is  3  (DiO,  SO3)  -|-  8  Aq. 

Calculated.  Found. 

8(DiO,S03)     •     •     288  80 

8H0      .     .     .     .       72  20  20-2 


360  100 


The  formula  DiO,  SOg-f  3  Aq.  requires  21*95  per  cent  of  water. 

A  solution  of  the  sulphate,  when  heated,  especially  to  the  boiling- 
point,  deposits  a  crystalline  precipitate  containing  only  2  atoms 
of  water. 

Calculated.  Found. 

DiO,  SO3     ...       98  84-21  — 

2H0      .     .     .     .       18  15-79  11-76 

DiO,S03  +  2Aq.    .     .     114  10000 

As  the  separation  of  lanthanum  and  didymium  depends  u]ion 
the  difference  of  solubility  of  their  sulphates,  the  author  endeavoured 
to  determine  this  point  with  some  d(!gree  of  exactness  for  the 
sulphate  of  didymium.  Somewhat  different  results  are  obtained, 
accordingly  as  the  anhydrous  salt  or  either  of  the  hydrates  is 
dissolved,  as  may  be  seen  by  the  following  table,  although  the 
experiments  were  not  made  at  exactly  the  same  temperatures. 
The  experiment  was  always  commenced  by  dissolving  the  salt  of 
saturation  in  cold  water,  then  keeping  the  temperature  stationary  at 
higher  and  higher  degrees,  and  each  time  for  six  or  eight  hours  at  the 
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least;  a  weighed  portion  of  the  solution  was  then  evaporated  to  dry- 
ness, and  the  residue  dried  at  a  dull  red  heat.  The  numbers  in  the 
table  indicate,  in  eaeh  instance,  the  proportion  of  anhydrous  sulphate 
in  100  parts  of  water,  free  or  combined,  existing  in  the  solution. 

Sulphate  with         Sulphate  ciystal- 
2  atoms  of  water,      lized  in  the  cold. 


Temperature. 

Anhydrous 

sulphate. 

12° 

C. 

43-1 

14 

39-3* 

18 

25-8 

19 

— 

25 

20-6 

38 

130 

40 

— 

50 

110 

100 

— 

16-4 


11-7 


8-8 
6-5 
1-7 


The  sulphate  with  2  atoms  of  water  does  not  attain  its  maximum 
of  solubility  till  after  a  considerable  time.  Thus,  at  the  temperature 
of  18°,  the  quantity  of  this  salt  dissolved  in  100  parts  of  water  was 
13  after  twenty-four  hours,  and  16-4  at  the  end  of  another  day. 
This  solution  having  been  concentrated  by  evaporation  in  vacuo, 
till  the  greater  part  of  the  salt  had  separated  out  in  crystals, 
the  mother-liquor  was  found  to  contain  34  parts  of  the  salt  in  100. 
This  salt  appears  thus  to  attain  the  solubility  of  the  anhydrous 
sulphate.  Moreover,  the  crystals  which  had  formed  were  those 
of  the  hydrate  with  f  atoms  of  water. 

Sulphate  of  didymium  withstands  a  dull  red  heat,  but  is  decomposed 
at  a  white  heat.  It  is  not  completely  decomposed  by  the  heat  of 
a  spirit-lamp.  A  portion  of  anhydrous  sulphate  ignited  for  an  hour 
in  an  intense  charcoal  fire  lost  28*03  per  cent  of  its  weight,  which  is 
equivalent  to  67 "28  per  cent,  or  nearly  |  of  the  total  quantity  of 
sulphuric  acid  contained  in  it.  In  this  manner  the  sub-sulphate, 
3  DiO,  SO3,  is  obtained.  It  is  a  dull  white  powder,  quite  insoluble 
in  water,  either  at  ordinary  temperatures  or  at  the  boiling-point.  It 
dissolves  but  slowly  in  hydrochloric  acid,  even  with  the  aid  of 
ebullition,  but  dissolves  readily  in  strong  acids. 

In  another  experiment,  in  which  the  ignition  was  not  so  strong, 
the  loss  of  weight  was  only  17*5  per  cent.  The  product  treated  with 
water  separated  into  the  soluble  neutral  sulphate  and  the  insoluble 
sub-sulphate,  exactly  in  the  proportion  indicated  by  this  loss — a  fact 
which  demonstrates  the  actual  existence  of  this  tribasic  sulphate. 

Sulphate  of  Didymium  and  Ammonium. — On  mixing  the  solutions 
of  sulphate  of  didymium  and  sulphate  of  ammonia,  there  is  formed, 

*  This  number  is  proba])ly  too  high,  the  solution  not  having  been  kept  at   that 
temperature  for  more  than  half  an  hour. 
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sooner  or  later  according  to  the  degree  of  concentration,  a  ciystalline 
precipitate  of  a  pale  rose  colour.  This  double  sulphate  dissolves  in 
18  times  its  weight  of  water,  and  is  somewhat  less  soluble  in  a 
saturated  solution  of  sulphate  of  ammonia. 

Ignition  at  a  dull  red  heat  converts  it  into  neutral  sulphate  of 
didymium,  from  the  proportion  of  which,  and  that  of  the  total 
amount  of  sulphuric  acid,  the  composition  of  the  salt  may  be 
determined : 

Calculated.  Found. 

3DiO 168  39-44  39-34 

NH^O 18  6-10  6-25 

4SO3 160  37-56  37-71 

8  HO 72  16-90  1670 

NH^O,S03  +  3(DiO,S03)  +  8Aq.     .     418  100-00  100-00 

Of  the  8  atoms  of  water,  6  atoms  ai'e  driven  off  at  100°.  The  salt 
is  not  altered  in  composition  by  washing  it  till  half  is  dissolved. 

Sulphate  of  Didymium  and  Sodium. — A  mixture  of  sulphate  of 
didymium  and  sulphate  of  soda  produces  almost  immediately,  a 
pulverulent  white  precipitate,  tinged  with  rose  colour,  which  requires 
about  200  times  its  weight  of  water  to  dissolve  it.  In  a  solution 
of  sulphate  of  soda  it  is  still  less  soluble.  Its  very  slight  solubility 
renders  it  possible  to  determine  its  composition  by  synthesis.  AVhen 
the  two  salts  were  mixed  in  the  proportion  of  100  parts  of  sulphate 
of  didymium  to  37  of  sulphate  of  soda,  or  2  atoms  of  the  former 
to  1  atom  of  the  latter,  the  liquid,  on  being  left  to  clarify  and 
then  decanted,  still  yielded  a  copious  precipitate  on  the  addition 
of  a  fresh  portion  of  sulphate  of  didymium.  But  when  the  salts 
were  mixed  in  the  proportion  of  25  parts  (1  atom)  of  sulphate  of 
soda  to  100  parts  (3  atoms)  of  sulphate  of  didymium,  the  clarified 
liquor  gave  no  further  prcci])itate  with  cither  salt.  llcncc  the 
composition  of  the  double  salt  is  : 

NaO,S0.3  +  3(DiO,  SO3), 

a  result  which  is  confirmed  by  analysis  : 

Calculated.  Found. 

3DiO     .     .     .     168  46-78  4578         45-75 

NaO       ...       31  8-67  —  — 

4SO3      ...     160  4455  45-78         45-13 

359  100-00 

The  suit  with  which  the  analyses  were  made,  had  hccn  calcined. 
The    crystallized    salt    contains    water;    but  different  samples  gave 
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different  quantities,  doubtless  because  they  bad  not  been  prepared 
under  the  same  conditions  of  temperature. 

Sulphate  of  Didymium  and  Potassium. — On  mixing  the  sobi- 
tions  of  sulphate  of  didymium  and  sulphate  of  potash,  there  is 
immediately  produced,  if  the  solutions  ai'C  somewhat  concentrated, 
and  especially  if  the  latter  salt  is  in  excess,  a  white  pulverulent 
precipitate.  It  afterwards  goes  on  forming  slowly,  assuming  a 
more  granular  and  crystalline  texture  and  a  deeper  rose  colour. 
This  double  salt  is  much  more  soluble  than  the  corresponding 
soda-compound,  dissolving  in  63  times  its  weight  of  water. 

The  two  sulphates  appear  to  unite  in  more  than  one  proportion ; 
but  the  most  stable  compound  appears  to  be  that  which  corresponds 
to  the  sodium-salt,  viz. : 

KO,  S03  +  3(DiO,S03). 

It  appears  also  to  contain  2  atoms  of  water. 

Oxalate  of  Didymium. — This  s^alt,  when  precipitated  from  neutral 
liquids,  is  pulverulent  and  of  a  white  colour,  slightly  tinged  with 
rose ;  when  redissolved  by  heat  in  an  excess  of  nitric  or  hydrochloric 
acid,  it  separates,  on  cooling,  in  a  granular  and  crystalline  form, 
sometimes  even  in  small  rose-coloured  crystals,  having  the  form 
of  rectangular  prisms,  terminated  by  a  pyramid  with  four  faces 
placed  upon  the  angles  of  the  prism.  This  salt  is  perfectly  insoluble 
in  water,  nearly  insoluble  in  oxalic  acid  and  in  dilute  mineral 
acids. 

After  drying  in  the  air,  it  leaves,  by  roasting  and  calcination, 
between  44  and  45  per  cent  of  oxide  of  didymium,  and  gives  off 
about  20  per  cent  of  water  at  100°,  but  the  diminution  of  weight 
goes  on  for  several  days.  The  oxalate  dried  at  100°  leaves  55-53 
per  cent  of  oxide  of  didymium.  Hence  it  appears  that  the  salt 
contains  4  atoms  of  water,  3  of  which  go  off  at  100°. 

DiO     .     .     56       43-75  DiO     .     .     56       55-45 

C0O3    .     .     36       28-12  aOg    .     .     36       35-64 

4H0  .     .     36       28-13  HO      .     .       9        8-91 


DiO,  C203  +  4Aq  .     128     10000     DiO,  COg  +  Aq      101     10000 

The  author  concludes  his  paper  with  the  following  remarks  : 
"  During  the  whole  of  this  research,  I  was  pre-occupied  w^ith  the 
idea  that  the  oxide  whose  combinations  I  was  examining,  might  be 
not  a  simple  oxide,  but  a  mixture  of  two  oxides,  one  of  which  might 
possibly  be  that  of  lanthanum.  I  therefore  attended,  as  minutely 
as  possible  to  the  circumstances  which  might  confirm  that  suppo- 
sition. I  have,  however,  met  with  only  two  facts,  which  may  to 
a  certain  extent  confirm  this  suspicion,  viz. :  1.  The  scarcely 
perceptible   increase    of    weight    produced    by    the    peroxidation    of 
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oxide  of  didymium,  an  anomaly  which  is  most  easily  explained  by 
supposing  that  this  peroxidation  affects  but  a  small  portion  of  the 
mass;  and,  2.  The  anomalous  proportion  of  water  in  crystalHzed 
sulphate  of  didymium,  which  might  lead  to  the  supposition  that  this 
salt  is  a  mixture  of  two  salts  with  different  degrees  of  hydration; 
it  is,  however,  difficult  to  admit  such  a  supposition  with  regard  to 
very  distinct  and  well-formed  crystals,  selected  out  of  a  number." 

"  On  the  other  hand,  I  tried  a  great  number  of  experiments  with 
the  view  of  demonstrating  the  existence  of  two  different  oxides, 
if  they  had  been  really  present,  but  without  any  positive  result. 
Thus,  I  compared  attentively  the  series  of  precipitates  produced 
by  adding  ammonia  in  successive  portions  to  a  didymic  salt — the 
series  of  insoluble  residues  obtained  by  decomposing  the  nitrate 
or  chloride  by  heat  and  digesting  in  water,  a  considerable  number 
of  times  in  succession — also  the  series  of  solutions  obtained  by 
successively  treating  the  oxide,  peroxide,  sulphide,  or  oxysulphide 
with  portions  of  dilute  acid,  not  sufficient  to  dissolve  it  completely ; 
but  I  have  never  observed  any  difference  between  the  products 
obtained  at  the  beginning  and  end  of  either  of  these  series  of 
operations.  Neither  was  any  particular  result  obtained  by  the 
action  of  chlorine  on  oxide  of  didymium  suspended  in  water.  The 
hydrate  dissolves  readily,  preserving  its  aspect  unaltered  to  the  last ; 
the  peroxide  likewise  dissolves,  though  more  slowly ;  and  the  part 
which  dissolves  last,  does  not  differ  in  any  respect  from  that  which  is 
first  attacked." 

"  Thus,  in  spite  of  the  considerations  above  adduced,  I  think  it 
must  be  admitted  that,  although  my  oxide  of  didymium  may  have 
contained  some  traces  of  oxide  of  lanthanum,  not  completely  elimi- 
nated by  the  crystallization  of  the  sulphate,  it  was  nevertheless 
essentially  composed  of  one  oxide,  whose  properties  were  not  sensibly 
modified  by  the  slight  impurity  just  mentioned." 


Researches  on  tlio   Cinchona  Alkaloids, 
By  L.  Pasteur.* 

It  is  now  about  half  a  century,  since  Cinchonine,  whose  existence 
had  been  previously  pointed  out  by  Dr.  Duncan,  of  Edinburgh,  was 
first  isolated  and  obtained  in  a  state  of  purity,  by  Gomez,  a  physi- 
cian of  Lisbon.  He  attributed  the  efficacy  of  cinchona-barks  to  the 
presence  of  this  body  ;  but  he  failed  to  recognize  its  alkaline  character, 
which,  indeed,  was  not  fully  ap]n'eciated  till  towards  the  year  1820, 
by  rdletier  and  Caventon,  at  which  time  the  same  chemists  like- 
wise made  the  important  discovery  of  Quinine,     About  twelve  years 

*  Compi.  Ucml.  XXXVIl,  110. 
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later,  two  other  French  chemists,  MM.  Henry  and  Delohdre, 
discovered,  in  yellow  cinchona-bark,  a  third  alkaloid  to  which  they 
gave  the  name  of  Quinidine.  In  1829,  Sertiirner,  already  cele- 
brated by  his  discovery  of  morphine,  observed  in  the  mother-liquors 
of  sulphate  of  quinine,  an  uncrystallizable  base  which  he  called 
Quino'idine,  and  to  which  he  attributed  wonderful  febrifuge  pro- 
perties. 

The  general  characters  of  quinine  and  cinchonine  are  sufficiently 
well  known ;  but  with  regard  to  quinidine  and  quino'idine,  very 
contradictory  opinions  still  prevail.  I  think  that  I  have  removed  all 
these  difficulties.  The  results  of  my  investigations  likewise  exhibit 
entirely  new  molecular  relations  between  the  several  cinchona-alkaloids. 
The  following  are  the  new  facts  which  I  have  discovered. 

1.  Cinchonicine. — When  cinchonine,  in  any  of  its  salts,  is  subjected 
to  the  action  of  heat,  it  becomes  transformed  into  a  new  base  isomeric 
with  it,  but  possessing  totally  different  characters.  This  new  base  I 
call  Cinchonicine.  Any  salt  of  cinchonine  may  be  used  for  the 
preparation  of  cinchonicine;  but  to  render  the  transformation  easy 
and  complete,  and  prevent  it  from  going  too  far,  the  salt  of  cinchonine 
must  be  placed  under  certain  conditions.  In  general,  when  a  cincho- 
nine-salt  is  heated,  it  immediately  melts  and  decomposes;  and  if,  by 
any  particular  artifice,  we  cause  it  to  melt  at  a  tempei'ature  consider- 
ably below  that  at  which  it  decomposes,  cinchonicine  is  produced ; 
but  if  the  heat  be  too  strong,  the  new  alkali  is  destroyed.  Ordinary 
sulphate  of  cinchonine,  for  example,  when  directly  heated,  melts,  and 
then  immediately  suffers  decomposition,  and  is  converted  into  a 
resinous  substance  of  a  fine  red  colour,  which  is  a  product  of  the 
transformation  of  the  cinchonine.  But  if  the  sulphate,  before  it  is 
heated,  be  mixed  with  a  small  quantity  of  water  and  sulphuric  acid,  it 
remains  melted  at  a  low  temperature,  even  after  all  the  water  has 
been  expelled,  and  if  it  be  kept  in  this  state  for  three  or  four  hours, 
between  120°  and  130°,  it  changes  completely  into  sulphate  of 
cinchonicine.  The  quantity  of  colouring  matter  formed  is  extremely 
small,  indeed  almost  imponderable. 

I  prove,  by  facts  which  will  be  admitted  by  all  chemists,  that  though 
heat  plays  an  important  part  in  this  transformation  of  cinchonine,  the 
vitreous,  resinoidal  state  of  the  product  has  nevertheless  a  real 
influence  upon  it ;  and  that  the  isomerism  of  this  base  with  cinchonine 
is  due  to  transformations  of  the  same  kind  that  we  meet  with  so 
frequently  in  Mineral  Chemistry,  as  in  soft  sulphur,  red  phosphorus, 
and  vitreous  arsenious  acid. 

2.  Qmnicine. — All  that  has  been  said  about  cinchonine  is  applicable 
word  for  word,  to  the  salts  of  quinine.  When  any  salt  of  this  base  is 
heated,  a  new  alkaloid  is  formed  isomeric  with  it.  The  conditions 
necessary  arid  sufficient  for  ensuring  this  transformation  are  the  same 
as  those  above  indicated  in  the  case  of  cinchonine.     To  the  new  base 
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I  give  the  name  of  Quinicine.  The  best  mode  of  obtaining  it  is  to  add 
a  small  quantity  of  water  and  sulphuric  acid  to  commercial  sulphate 
of  quinine,  and  apply  a  moderate  heat.  The  mass  remains  liquid  even 
after  the  water  has  been  completely  expelled,  and  by  continuing  to  heat 
it  for  four  hours  in  an  oil-bath  to  a  temperature  between  120°  and 
130°,  the  entire  mass  may  be  transformed  into  sulphate  of  quinicine, 
an  extremely  small  quantity  of  colouring  matter  being  formed  at  the 
same  tiuie. 

In  their  general  properties,  cinchonicine  and  quinicine  exhibit 
well-marked  resemblances  to  the  isomeric  bases  from  which  they  are 
derived.  They,  moreover,  resemble  each  other  in  the  closest  manner. 
Both  are  nearly  insoluble  in  water,  but  very  soluble  in  alcohol,  whether 
absolute  or  of  ordinary  strength.  Both  of  them  unite  readily  with 
carbonic  acid,  and  expel  ammonia  from  its  salts  at  ordinary  tern 
peratures.  Both  are  precipitated  from  their  solutions  in  the  form  of 
resinous  liquids,  just  like  quinine  under  certain  circumstances.  Finally, 
both  of  them  turn  the  plane  of  polarization  to  the  right.  They  are 
equally  bittei',  and  possess  equal  febrifugal  powers. 

3.  Quinidine. — Allusion  has  already  been  made  to  the  contradictions 
which  are  met  with  in  the  results  of  different  chemists  who  have 
examined  quinidine.  All  these  contradictions  may  be  attributed  to  a 
fact  which  has  escaped  the  notice  of  former  observers — viz. :  that  the 
name  of  quinidine  has  hithei'to  been  applied  indiscriminately  to  two 
alkaloids  which  are  totally  distinct  in  their  physical  and  chemical 
properties,  and  are  almost  always  mixed  together  in  the  quinidine  of 
commerce,  unless  care  has  been  taken  to  pui-ify  it  by  several  successive 
crystallizations.  Thus,  the  quinidine  discovered  in  1833  by  Henry 
and  Delohdre  is  totally  different  from  the  substance  at  present  known 
by  that  name  in  France  and  Germany ;  and  the  German  product  often 
contains  a  considerable  quantity  of  that  which  was  discovered  by 
Henry  and  Delohdre.  The  leading  characters  by  which  these  two 
alkaloids  may  be  distinguished  from  one  another  are  the  following  : 
One  of  them,  for  which  I  shall  retain  the  name  of  quinidine,  is 
hydrated,  efflorescent,  isomeric  ivith  quinine,  turns  the  plane  of 
polarization  to  the  right,  and  like  quinine,  acquires  a  green  colour  by 
the  successive  addition  of  chlorine  and  of  anunonia.  The  other  base, 
to  which  I  give  the  name  of  cinchonidine,  is  anhydrous,  isomeric  with 
cinclionine,  turns  the  plane  of  polarization  to  the  left,  and  does  not 
exhibit  any  green  colouring  under  the  circumstances  just  mentioned. 
It  is  this  alkaloid  which  is  most  abundant  in  the  samples  at  present 
met  with  in  commerce.  By  exposing  recently  crystallized  cinchonidine 
to  warm  air,  it  is  very  easy  to  see  whether  it  contains  any  quinidine. 
All  the  quinidine-crystals  effloresce  rapidly  but  without  change  of  form, 
and  separate  with  a  dull  white  colour  from  the  crystals  of  cinehoniue, 
which  retain  their  transparency.  The  green  colouring  by  chlorine 
and  ammonia  likewise  affords  a  useful  test. 

T  2 
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It  appears,  then,  that  the  principal  bases  contained  in  cinchona- 
barks  are  four  in  number — namely,  quinine,  quinidine,  cinchonine, 
and  cinchonidine. 

4.  Action  of  Heat  on  Quinidine  and  Cinchonidine. — These  two 
bases,  when  subjected  to  the  action  of  a  moderate  heat,  undergo 
exactly  the  same  transformations  as  quinine  and  cinchonine — that  is 
to  say,  quinidine,  like  quinine,  is  converted  into  quinicine,  and  cin- 
chonidine,  like  cinchonine,  into  cinchonicine,  the  conditions  neces- 
sai'y  for  the  transformation  being  exactly  the  same  as  those  already 
mentioned. 

The  molecular  relations  indicated  by  these  results  assume  a  new 
character  when  we  compare  the  rotatory  powers  of  the  six  alkalies. 
Consider,  in  the  first  place,  the  three  isomeric  bodies — quinine,  qui- 
nidine, and  quinicine.  Quinine  turns  the  plane  of  polai'ization  to 
the  left,  quinidine  to  the  right,  and  both  to  a  considerable  extent. 
Quinicine  also  turns  it  to  the  right,  but  very  feebly  as  compared 
with  the  other  two.  Similarly  with  cinchonine,  cinchonidine,  and 
cinchonicine.  Cinchonine  and  cinchonidine  turn  the  plane  of  polari- 
zation, the  one  to  the  right,  the  other  to  the  left,  and  both  to  a  consi- 
derable amount;  cinchonicine  turns  it  very  slightly  to  the  right. 
The  most  rational,  or  rather  the  necessary,  interpretation  of  these 
results  appears  to  be  as  follows  : — The  molecule  of  quinine  is  double, 
consisting  of  two  active  bodies,  one  of  which  turns  the  plane  of 
polarization  considerably  to  the  left,  the  other  very  slightly  to  the 
right.  The  latter  is  stable  under  the  influence  of  heat,  and  does  not 
undergo  any  isomeric  transformation ;  but  remaining  without  altera- 
tion in  quinicine,  gives  to  that  body  its  feeble  power  of  rotation  to 
the  right.  The  other  group,  which,  on  the  contrary,  is  very  active, 
becomes  inactive  when  the  quinine  is  heated,  and  therefore  trans- 
formed into  quinicine.  Quinicine,  therefore,  is  quinine,  in  which  one 
of  the  constituent  groups  has  become  inactive.  Quinicine  may  also 
be  quinidine  in  which  one  of  the  constituent  groups  has  become 
inactive;  but  in  quinidine,  this  very  active  group  turns  the  plane  to 
the  right,  instead  of  to  the  left,  as  in  quinine,  and  is,  in  the  same 
manner,  united  with  the  same  feeble  and  instable  group  possessing 
right  rotatory  power,  which  remains  unaltered  in  quinicine,  and  gives 
to  it  its  feeble  rotatory  power  in  that  direction.  All  these  observa- 
tions might  be  repeated,  word  for  word,  with  regard  to  cinchonine, 
cinchonidine,  and  cinchonicine,  which,  in  fact,  are  constituted  exactly 
like  their  three  congeners,  for  they  exhibit  precisely  the  same  rela- 
tions. 

5.  Quino'kline. — This  body  is  always  a  product  of  transformation 
of  the  cinchona-alkalies.  It  originates  in  two  different  ways.  It  is 
produced  in  the  preparation  of  sulphate  of  quinine,  and  especially  in 
the  American  forests,  when  the  woodman,  after  having  stripped  the 
bark  from  the  tree,  exposes  it  to  the  sun   to   dry  it.     The  salts  of 


PASTEUR    ON    TARTARIC    AND    RACEMIC    ACIDS.  277 

quinine,  cinchouinc,  &c.,  contained  in  these  barks  are  then  trans- 
formed into  resinous  and  colouring  matters,  which  constitute  the 
principal  part  of  the  quinoidine  of  commerce.  In  fact,  when 
any  salt  of  quinine  or  cinchonine,  either  in  dilute  or  concentrated 
solution,  is  exposed  to  the  sun,  even  for  a  few  hours  only,  it  under- 
goes such  a  degree  of  alteration,  that  the  liquid  assumes  a  very 
deep  red-brown  colour.  Further,  this  alteration  is  the  same  as 
tliat  which  takes  place  at  a  high  temperature.  I  am,  therefore, 
of  opinion  that  in  the  preparation  of  quinine,  cinchonine,  &c., 
serious  loss  might  be  avoided,  and  the  extraction  of  the  alkalies 
greatly  facilitated,  if  the  cinchona  barks  were  protected  from  light 
as  soon  as  they  are  removed  from  the  trees,  and  kept  in  the  dark 
M'hile  they  are  drying.  The  manufacturer  of  quiuine  should  care- 
fully avoid  the  action  of  a  strong  light. 


Transforniatioti  of  the  two  liiiids  of  Tartaric  Acifl  into  ISaceiiilc  Acid. 
Discovery  of  inactive  Tartaric  Aciil.  1^'ew  Metliot!  of  separating- 
Kaccmic  Acid  into  tlie  two  Tartaric  Acifis,  Right  and  Left. 

By  Li.  Pasteur.* 

If,  in  examining  the  isomeric  transformations  of  the  alkaloids 
mentioned  in  the  preceding  Memoir,  we  make  use  of  the  tartrates 
of  those  bases,  and  continue  the  action  of  the  heat  beyond  the  point 
at  which  cinchonicine  and  quinicine  are  formed,  the  modifying 
influence  then  extends  to  the  tartaric  acid  itself.  Thus,  tartrate  of 
cinchonine  exposed  to  a  gradually  increasing  heat,  is  first  converted 
into  tartrate  of  cinchonicine.  But  if  the  heat  be  continued,  the 
cinchonicine  becomes  altered;  it  loses  water,  becomes  colomrd,  and 
changes  into  quinoidine.  At  the  same  time,  the  tartaric  acid  likewise 
undergoes  important  modifications  ;  and  after  five  or  six  hours' 
exposure  to  a  temperature  of  170°,  part  of  it  is  found  to  be  converted 
into  raccmic  acid.  The  tube  must  then  be  broken,  the  black  resinous 
mass  contained  in  it  rejjeatedly  treated  with  boiling  water,  the  liquid 
filtered  when  cold,  and  mixed  with  excess  of  chloride  of  calcium. 
The  whole  of  the  raccmic  acid  is  then  completely  i)recipitated  in  the 
form  of  racemate  of  lime,  whence  it  is  easy  to  obtain  the  raccmic  acid 
itself. 

The  principal  use  of  the  cinchonine  in  this  operation,  is  to  impart 
a  certain  degree  of  stability  to  the  tartaric  acid,  and  enable  it  to  bear, 
without  destruction,  a  temperature  which  would  alter  it  rapidly  if  i< 
were  in  the  free  state.     The  transformation  of  the  tartaric  acid  docs 

*  Compl.  Rend.    XXXVU,    IG2. 
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not  in  any  way  depend  upon  the  action  exerted  by  cinchonine  and 
cinclionicine  upon  polarized  light.  Tartaric  ether — a  compound  in 
which  tartaric  acid  is  united  to  a  substance  which  has  no  action  on 
polarized  light,  but  which  can  support  a  high  temperature  without 
destruction — yields,  when  subjected  to  the  action  of  heat,  a  con- 
siderable quantity  of  racemic  acid. 

Racemic  acid,  thus  artificially  formed,  is  perfectly  identical  in  all 
its  physical  and  chemical  properties  with  natural  racemic  acid.  It 
possesses,  in  particular,  this  important  character,  of  being  resolvable 
into  dextro-tartaric  and  Isevo-tartaric  acid,  exhibiting  equal  and 
0]i]iosite  rotatory  powers  in  their  combinations  with  bases. 

This  resolution  of  artificial  racemic  acid  into  dextro-  and  Isevo- 
tartaric  acids,  leads  to  this  consequence :  that  ordinary  dextro- 
tartaric  acid  may  be  artificially  transformed  into  its  opposite — viz., 
Isevo-tartaric  acid  ;  a  consequence  which  is  highly  remarkable,  espe- 
cially when  viewed  in  connection  with  the  extraordinary  fact,  which 
will  doubtless  be  explained  at  some  future  time,  that  we  have  never, 
by  starting  from  an  inactive  body  of  any  kind  whatever,  succeeded  in 
producing  a  substance  which  acts  upon  polarized  light ;  whereas 
nearly  all  the  substances  elaborated  by  nature  in  the  vegetable 
organism  are  unsymmetrical,  like  tartaric  acid. 

This  transformation  of  dextro-tartaric  acid  into  racemic  acid  is 
rendered  still  more  remai'kable  by  the  fact  that  lavo-tartaric  acid 
may  be  converted  into  racemic  acid  under  precisely  similar  circum- 
stances. What  a  strange  aptitude  is  revealed  by  these  natural  organic 
compounds  !  A  group  of  unsymmetrical  molecules,  right  and  left, 
are,  by  the  sole  influence  of  a  high  temperature,  half  transformed 
into  molecules  of  an  opposite  character,  which,  as  soon  as  they  are 
formed,  unite  with  the  former. 

For  a  long  time  I  regarded  the  production  of  racemic  acid  from 
tartaric  acid  as  impossible.  To  this  conclusion  I  was  led  by  the 
following  considerations  :  Racemic  acid  is  a  compound  of  dextro-  and 
Isevo-tartaric  acids.  The  problem  of  transforming  dextro-tartaric  into 
racemic  acid  is  the  same  as  that  of  converting  dextro-tartaric  acid 
into  laevo-tartaric.  Now,  all  that  can  be  done  with  the  one  acid  may 
be  done,  under  the  same  circumstances,  with  its  opposite.  If,  there- 
fore, any  particular  operation  performed  on  the  dextro-tartaric  acid, 
converts  it  into  Isevo-tartaric,  the  same  process  applied  to  the  latter 
should  convert  it  into  the  former.  The  transformation  appears, 
therefore,  to  be  impossible.  The  utmost  that  we  can  hope  to  effect 
is  the  production  of  an  inactive  acid. 

Happily,  however,  experiment  has  shown  that  these  theoretical 
deductions  wei-e  erroneous.  Nevertheless,  they  have  served  me  as  a 
guide  ;  and  the  less  I  was  disposed  to  look  for  the  transformation 
of  tartaric  acid  into  racemic,  the  more  did  I  multiply  my  endeavours 
to  discover  inactive  tartaric  acid.     Not  only  did  the  existence  of  this 


TARTARIC    AND    RACEMIC    ACIDS.  279 

latter  appear  possible  from  theoretical  considerations,  I  was,  more- 
over, aware  of  the  intimate  relation  between  tartaric  and  malic  acid ; 
and  I  had  previously  obtained  inactive  malic  acid.  Now,  it  was  in 
looking  for  inactive  tartaric  acid,  that  I  arrived  at  the  formation  of 
racemic  acid.  But,  what  is  very  remarkable — the  very  same  opera- 
tion yielded  also  considerable  quantities  of  inactive  tartaric  acid. 
In  other  words,  I  obtained,  together  with  racemic  acid,  a  kind 
of  tartaric  acid  which  has  no  action  whatever  on  polarized  light,  and 
is  not  resolvable,  under  the  same  circumstances  as  racemic  acid, 
into  dextro-  and  Isevo-tartaric  acid.  This  inactive  tartaric  acid  is 
extremely  curious ;  it  crystallizes  perfectly,  and  yields  salts,  which, 
for  beauty  of  form,  are  not  inferior  either  to  the  tartrates  or  to  the 
racemates.  I  have  already  observed  that,  after  treating  with  water 
the  tartrate  of  cinchonine,  which  had  been  heated  for  several  hours 
to  170^,  and  adding  chloride  of  calcium,  the  racemic  acid,  formed  at 
the  expense  of  the  tartaric,  is  precipitated  in  the  form  of  racemate 
of  lime.  If  now,  the  liquid  be  immediately  tiltei'ed  to  remove  the 
racemate,  and  then  left  at  rest  for  twenty-four  hours,  an  additional 
crop  of  crystals  is  obtained,  consisting  of  pure  inactive  tartrate  of 
lime,  from  which  it  is  easy  to  obtain  the  inactive  acid  itself. 

Lastly,  I  have  ascertained  that  the  inactive  tartaric  acid  is  pro- 
duced in  this  operation  at  the  expense  of  racemic  acid  previously 
formed.  For  if  racemate  of  cinchonine  be  kept  for  some  hours  at 
170°,  a  considerable  portion  is  transformed  into  this  same  inactive 
tartaric  acid. 

Chemistry  is  now,  therefore,  in  possession  of  four  kinds  of  tartaric 
acid,  viz. :  Dextro-tartaric  acid,  lajvo-tartaric  acid,  the  compound  of 
these  two,  viz. :  racemic  acid,  and  the  inactive  acid,  which  is  neither 
right  nor  left,  nor  formed  by  the  combination  of  the  two.  It  is 
common  tartaric  acid  twtivisted  {detordu)  if  I  may  use  this  expres- 
sion, which  roughly  expresses  my  idea,  and  perhaps  goes  a  little 
further — for  we  cannot  be  too  cautious  in  the  study  of  these  difficult 
questions.  Doubtless,  this  series  of  the  four  isomeric  tartaric  acids 
is  a  type,  to  which  a  large  number  of  analogues  will  soon  be 
discovered. 

A  serious  difficulty  may,  however,  be  apprehended  in  the  applica- 
tion of  these  new  results.  Thus,  to  pass  from  the  right  to  the  left 
term  of  the  series,  it  is  necessary  to  pass  through  racemic  acid. 
Now  what  process  have  I  given  for  the  decomposition  of  racemic 
acid  ?  It  consists  in  the  formation  of  the  double  racemate  of  soda  and 
ammonia.  The  crystals  obtained  are  of  two  kinds,  which  must  be 
separated  according  to  their  hemihedric  forms.  In  this  process, 
however,  there  is  no  generality  ;  the  decomposition  presents  itself  as 
an  accident.  It  is  certainly  a  very  curious  j)hcnomenon,  but  we  can- 
not assign  any  proximate  cause  for  it  ;  moreover,  the  sodio-ammoniac 
salt  is  the  only  one  which  exhibits  this  power  of  spontaneous  decom- 
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position.  Hence,  it  is  very  probable  that  in  operating  on  bodies  of 
any  other  series,  we  might  obtain  a  substance  analogous  to  racemic 
acid,  but  not  possessing  this  power  of  decomposition,  and  conse- 
quently the  inverse  of  the  original  compound  might  remain  unknown. 
Such,  indeed,  was  the  state  of  the  question  not  long  ago ;  but  1  have 
recently  discovered  a  process,  not  mechanical  like  that  of  the  separa- 
tion of  the  two  kinds  of  tartaric  acid  in  the  crystals  of  racemate 
of  soda  and  ammonia,  but  chemical,  and  depending  on  general 
principles. 

I  have,  in  fact,  shown  in  a  Memoir  presented  to  the  Academy  a 
year  ago,  that  the  absolute  identity  of  ])hysical  and  chemical  proper- 
ties exhibited  by  right  and  left  symmetrical  bodies,  no  longer  exists 
when  then  they  are  placed  in  contact  with  active  bodies.  Thus  the 
dextro-  and  Isevo-tartrates  of  the  same  active  organic  alkali  differ 
altogether  from  one  another  in  their  ci-ystalline  forms,  solubility,  &c. 
It  appeared,  therefore,  probable,  that  this  dissimilarity  might  be 
made  available  for  separating  the  two  tartaric  acids  by  whose  union 
racemic  acid  is  formed ;  and  this  result  I  have  actually  obtained,  after 
many  fruitless  trials,  by  means  of  the  two  bases,  quinicine  and 
cinchonicine.  Thus,  in  preparing  the  racemate  of  cinchonicine, 
it  always  happens  that  when  the  liquid  has  attained  a  certain 
degree  of  concentration,  the  first  crop  of  crystals  formed  consists 
almost  wholly  of  Isevo-tartrate  of  cinchonicine,  the  dextro-tartrate 
remaining  in  the  mother-liquid.  A  similar  result  is  obtained  with 
quinicine,  excepting  that  in  this  case  the  dextro-tartrate  crystallizes 
out  first.  Whenever,  therefore,  an  organic  compound  is  suspected  to 
possess  a  binary  constitution  analogous  to  that  of  racemic  acid,  its 
resolution  should  be  attempted  by  combining  it  with  an  active  body, 
which,  by  the  necessary  dissimilarity  of  properties  in  the  compounds 
which  it  is  capable  of  forming  with  the  constituents  of  the  complex 
group,  may  afford  the  means  of  separating  them. 

We  are  now,  then,  in  possession  of  general  methods  for  converting 
a  dextro-compound  into  its  opposite  and  symmetric  Itevo-compound 
and  likewise  imo  the  corresponding  inactive  body. 


On  the  compounds  of  Glycerine  with  Acids,  and  on  the  synthesis  of 
the  proxiniate  principles  of  Animal  Fats. 

By  M.  Berth  clot.* 

Glycerine,  discovered  in  1779  by  Scheele,  was  at  first  regarded  as 
a  gummy  substance  peculiar  to  certain  oils,  and,  in  a  certain  sense, 
of   accidental   occurrence.       The  notions  at  present  entertained  on 

*  Compt.  Rend.  XXXVII,  398. 
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its  nature  and  clieniical  functions  are  wholly  due  to  Chevreul. 
This  chemist  in  his  "  Recherches  sur  les  Corps  Gras,"  shows  that  a 
whole  class  of  these  bodies  may  be  separated  by  the  action  of  alkalies 
into  two  distinct  parts,  with  fixation  of  water,  viz.,  a  fatty  acid  which 
unites  with  the  alkali  (forming  soap)  and  glycerine.  Hence  have 
arisen  two  hypotheses.  Either  stearin,  olein,  butyrin,  &c.,  are 
composed  of  oxygen,  carbon,  and  hydrogen  in  such  proportions  that 
one  part  of  their  elements  i-epresents  a  fatty  acid,  either  fixed  or 
volatile,  while  the  other  portion,  jilus  water,  represents  glycerine ;  or, 
these  bodies,  stearin,  olein,  &c.,  constitute  a  species  of  salts 
formed  of  an  anhydrous  fatty  acid,  fixed  or  volatile,  and  anhydrous 
glycerine — that  is  to  say,  their  constitution  is  analogous  to  that  of 
the  ethers.  Another  group  of  fatty  bodies  contains  cetine,  which  is 
characterized  by  the  property  of  transforming  itself  into  margaric 
and  oleic  acid,  and  ethal.  The  constitution  of  cetine  gives  rise  to 
the  same  hypotheses. 

The  latter  point  of  view  has  since  been  more  and  more  developed 
and  verified.  Dumas  and  Peligot  have  confirmed  the  analogies  of 
ethal  and  alcohol,  first  pointed  out  by  Chevreul.  They  have 
formed  with  this  body  compounds  similar  to  the  ethers,  or  to  cetine. 
Pelouze,  on  the  other  hand,  has  formed,  with  glycerine,  the  sul- 
phoglyceric  and  phosphoglyceric  acids,  compounds  analogous  to  the 
vinic  acids;  and  in  conjunction  with  Gelis,  he  has  formed 
butyrin,  the  first  neutral  fatty  matter  that  has  been  artificially 
obtained. 

Berth elot  has  succeeded  in  generalizing  these  results,  and  in 
uniting  glycerine  both  with  the  fatty  acids,  properly  so  called,  and 
with  other  acids,  organic  and  inorganic.  The  bodies  thus  formed 
are  neutral,  and  incapable  of  combining  with  alkalies.  Some  are 
crystalline,  others  liquid. 

They  belong  to  several  series.  One  of  these  series  is  identical 
with  that  of  the  natural  fats  ;  another,  which  is  the  more  numerous, 
consists  of  bodies  analogous  to  the  ethers.  IMorcover,  all  these 
bodies  may  be  represented  in  constitution  by  an  acid,  plus  glycerine, 
minus  water. 

They  all,  when  treated  with  alkalies,  slowly  reproduce  the  original 
acid  and  glycerine.  Treated  with  concentrated  liydroclih)ric  acid, 
they  decompose  in  the  same  manner.  Treated  with  alcohol  and 
hydrochloric  acid,  they  give  rise  to  a  double  decoiiii)osition,  yielding 
glycerine,  and  an  ether  of  the  acid  previously  united  with  the 
glycerine.  These  two  reactions  they  exhibit  in  common  with  the 
natiH'al  fats.     Finally,  ammonia  converts  them  into  amides. 

When  subjected  to  the  action  of  heat,  they  decompose  and  yield 
acrolein,  with  the  exception  of  two  which  are  volatile.  Nevertheless, 
stearin,  olein,  margarin,  and  palniitin,  in  very  small  quantities,  may 
be  distilled  in  the  barometric  vacuum  without  yieldiug  acrolein  or 
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turning  acid.  The  same  fact  was  observed  by  Chevreul  with  regard 
to  the  natural  fats. 

These  various  bodies  arc  obtained  by  the  direct  union  of  their  two 
proximate  principles,  the  acid  and  glycerine.  This  union  is  pro- 
duced by  prolonged  contact  of  the  two  bodies  in  close  vessels,  at  a 
temperature  more  or  less  elevated.  Nearly  all  of  them  form  likewise 
at  ordinary  temperatures,  but  in  very  small  quantity.  In  certain 
cases,  they  are  obtained  by  double  decomposition  between  the  ethers 
and  glycerine. 

Lastly,  they  may  be  formed  by  the  action  of  hydrochloric  acid  on 
the  mixture  of  glycerine  and  the  acid.  It  is  worth  while  to  remark 
the  two  opposite  functions  discharged  by  the  hydrochloric  acid  ;  when 
dissolved  in  water,  and  added  in  large  excess,  it  decomposes  the 
neutral  fats  into  glycerine  and  fatty  acids  ;  but  when  it  acts  in  the 
form  of  gas  on  a  mixture  of  syrupy  glycerine  and  the  acid,  it  causes 
the  two  bodies  to  combine. 

These  bodies  may  be  divided  into  three  groups — viz.,  1.  Com- 
pounds of  glycerine  with  the  fatty  acids,  properly  so  called  (these 
combinations  reproduce  the  fatty  bodies  which  occur  in  the  organ  c 
kingdom).  2.  Compounds  of  glycerine  with  various  organic  acids, 
and  not  identical  with  any  known  compounds  in  the  organic  world. 
3.  Compounds  of  glycerine  with  mineral  acids,  likewise  not  identical 
with  any  known  natural  organic  compound. 


I. COMFOUNDS    OF    GLYCERINE    WITH     THE    FATTY    ACIDS    PROPERLY 

so    CALLED. 

A. — Fixed  Fatty  Acids. 

Stearin. — Stearic  acid  (melting  at  70^  C,  prepared  by 
Chevreul's  method)  forms  with  glycerine  three  compounds — viz., 
monostearin,  distearin,  and  tetrastearin  ;  the  last  of  which  is  identical 
with  natural  stearin. 

Monosteann  |  cX30.  =  cA3A  +  2  b.fl.A-^  H,0  } 

is  obtained  by  heating  a  mixture  of  equal  parts  of  glycerine  and  stearic 
acid  to  200^  for  twenty-six  hours.  The  glycerine  and  acid  remain 
superposed  without  any  appearance  of  dissolving  one  in  the  other. 
The  neutral  substance  formed  is  likewise  insoluble  in  the  glycerine. 
After  cooling,  the  solid  stratum  which  floats  on  the  excess  of 
glycerine,  is  separated,  fused,  mixed  with  a  small  quantity  of  ether, 
then  with  slaked  lime  to  separate  the  uncombined  acid,  and  kept  at 
100"  for  a  quarter  of  an  hour.  It  is  then  exhausted  with  boiling 
ether  (which  does  not  separate  stearic  acid  from  lime  under  these 
circumstances).     A  white,   neutral  substance  is  thus  obtained,  very 
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slightly  soluble  in  cold  ether,  and  crystallizing  in  fine,  double-re- 
fracting needles.  These  microscopic  needles  are  usually  grouped  in 
rounded  grains. 

Monostearin  melts  at  61°  and  solidifies  at  60°.  It  volatilizes 
without  alteration  in  the  barometric  vacuum.  Heated  in  the  air,  it 
begins  to  evaporate,  and  then  decomposes  with  formation  of  acrolein. 
It  burns  with  a  white  and  very  brilliant  flame. 

Treated  with  oxide  of  lead  at  100°,  it  saponifies  in  a  few  hours, 
reproducing  glycerine  and  stearic  acid  melting  at  70°.  The  weight 
of  glycerine  thus  reproduced  amounts  to  nearly  a  fourth  of  that  of  the 
monostearin. 

When  kept  for  six  hours  at  100°  in  contact  with  strong  hydro- 
chloric acid,  it  is  almost  wholly  resolved  into  glycerine  and  stearic 
acid.  Acetic  acid  mixed  with  alcohol  does  not  decompose  it  under 
the  same  circumstances.  These  various  reactions  are  the  same  as 
those  exhibited  by  natural  stearin. 

A  similar  compound  is  obtained  by  saturating  with  hydrochloric 
acid  a  mixture  of  syrupy  glycerine  and  stearic  acid  at  the  temperature 
of  100°;  but  the  compound  thus  formed  melts  at  47°,  and  is  mixed 
with  chlorhydrin,  from  which  it  cannot  be  separated. 

A  mixture  of  glycerine  and  stearic  acid,  kept  at  the  ordinary  tem- 
perature of  the  air,  yield  traces  of  a  neutral  crystalline  fat. 

is  obtained  by  heating  a  mixture  of  equal  paiis  of  glycerine  and  stearic 
acid  to  100°  for  one  hundred  and  fourteen  hours.  It  is  purified  by 
lime  and  ether,  like  the  preceding  compound.  It  is  white,  neutral, 
granular,  and  when  examined  by  the  microscope  appears  to  be  com- 
[)osed  of  oblique,  flattened,  double  refracting  lamin?e.  It  melts  at 
58°,  and  solidifies  at  55°.  Yields  acrolein  when  heated.  When 
treated  with  oxide  of  lead  at  100°,  it  reproduces  glycerine  and  stearic 
acid  fusible  at  70°. 

The  same  substance  may  also  be  obtained,  either  by  heating  the 
stearoglyceric  mixture  to  275°  for  seven  hours,  or  by  heating  a  mix- 
ture of  1  part  monostearin  and  3  parts  stearic  acid  to  270°,  or  by 
heating  natural  stearin  to  200°  for  twenty-two  hours  with  excess  of 
glycerine. 

r.^/-a./.arm  I  ^^•^oHx4gOi6  =  4C3,IL,  0,-hC,H,  0,-01101 
let,asteann  |  c,,,U,,,0,,=2  C,,U,,,0,  +  C,  U,,  0,-0  H^O  / 

is  obtained  by  heating  monostearin  to  270°  for  some  hours,  with  fifteen 
or  twenty  times  its  weight  of  stearic  acid.  Water  is  eliminated,  and 
condenses  in  the  upper  part  of  the  tube.  Combination  docs  not  take 
])lace  by  simple  fusion  ;  it  requires  time.  This  body  is  purified  by 
lime  and  ether  like  the  preceding. 
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Tetrastcarin  is  neutral^  and  has  the  same  composition  as  natural 
stearin. 

2.  Margarins. — Margaric  acid  (from  human  fat)  forms  with  gly- 
cerine, two  neutral  compounds — viz.,  Monomargarin  and  Tetramar- 
garin. 

Motwmargarin  (C^q  H^q  03  =  034  Hg^  0^-f  CgHg  05  —  2  HO)  is 
obtained  either  at  200°  or  at  100°.  It  is  formed  even  at  ordinary 
temperatures,  but  in  very  small  quantity.  Its  formation  is  easier 
than  that  of  any  other  solid  fat.  It  melts  at  56°,  and  solidifies  at 
49°.  Treated  with  oxide  of  lead,  it  reproduces  glycerine,  and  mar- 
garic acid  melting  at  60°.  Its  reactions  are  similar  to  those  of 
stearin,  excepting  that,  when  heated  to  100°  for  six  hours  with  a 
mixture  of  alcohol  and  acetic  acid,  it  is  partially  decomposed,  yield- 
ing margaric  acid  and  glycerine,  a  reaction  not  exhibited  by 
stearin. 

Tetramargarin  appears  to  be  formed  by  heating  monomargarin  to 
100°  with  excess  of  margaric  acid.  It  has  not  been  obtained  quite 
pure.  When  saponified,  it  yields  margaric  acid  fusible  at  60°,  and 
glycerine. 

It  wall  be  observed  that  the  stearins,  which  are  prepared  with  an 
acid  melting  at  70°,  reproduce  by  saponification  an  acid  which  melts 
at  70°  ;  whereas  the  margarins,  prepai'ed  with  an  acid  melting  at  60°, 
reproduce  by  saponification  an  acid  melting  at  60°.  This  fact  con- 
firms the  existence  of  stearic  and  margaric  acids  as  distinct  and 
permanent  bodies. 

3.  Palmitins. — Palmitic  acid  forms  with  glycerine  three  compounds 
analogous  to  those  produced  by  stearic  acid,  and  obtained  under 
similar  circumstances. 

Monopahnitm  (Cgg  Hgg  Og  =  Cg2  H30  0^-1-  Cg  Hg  Og— 2  HO), melting 
at  58°,  solidifying  at  45°; 

Dipalmitin  (C^^  H^q  0^  =  2  C32  H32  0^+  Cq  Hg  Og  — 2  HO),  melting 
at  59°,  solidifying  at  51°;  and 

Tetrapalmitin  (C^o^  H^gg  ^ig  — '^  ^32  ^32  O4  +  Q  Hg  Og  — 6  HO), 
melting  at  60°,  solidifying  at  46°.  This  last  is  identical  with  natural 
palmitin. 

All  these  three  compounds,  when  treated  with  oxide  of  lead,  repro- 
duce glycerine,  and  palmitic  acid  melting  at  61°.  Monopalmitin 
treated  with  alcohol  and  acetic  acid  for  one  hundred  and  two  hours  at 
100°,  is  decomposed  with  separation  of  glycerine,  a  property  likewise 
exhibited  by  natural  palmitin. 

4.  Olein. — Oleic  acid  (purified  by  twice  filtering  the  commercial 
acid  at  a  temperature  near  0",  then  converting  it  into  oleate  of  baryta, 
and  crystallizing  that  salt  from  alcohol)  forms  at  200°  a  neutral 
Monolein  {C^r,  H^^  Og  =  C^g  Hg.^  0^  +  Cg  Hg  06-2  HO).  This  com- 
pound is  an  oily  liquid,  which  solidifies  at  near  15".  Its  density  is 
0'947.      Oxide  of  lead  saponifies   it  very  slowly,  and  with  difficulty. 
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Alcohol  and  acetic  acid  do  not  decompose  it  at  100°,  in  which  respect 
it  resembles  natural  olein. 

This  body  is  also  formed  by  double  decomposition,  by  heating  to 
100°  a  mixture  of  oleic  ether,  glycerine,  and  hydrochloric  acid. 

Diolein  (C^g  H^^  Oi2  =  2  Cgg  Hg^O.^  +  C  g  H^  Og  — 2  HO)  is  obtained 
by  heating  natural  olein  with  glycerine  to  200°  for  twenty-two  hours. 
Its  density  at  21°  is  0-921.     It  begins  to  crystallize  at  15°. 

It  is  also  obtained  by  heating  monolein  with  oleic  acid. 


B. —  Volatile  FatUj  Acids. 

These  acids  likewise  unite  with  glycerine,  under  the  same  conditions 
as  other  fixed  acids,  producing  by  direct  combination,  various  liquid 
compounds,  which  are  neutral  and  odoriferous.  These  liquids  may  be 
decomposed  by  alkalies,  by  hydrochloric  acid,  and  even  by  acetic  acid  or 
water,  into  acids  and  glycerine.  A  mixture  of  alcohol  and  hydro- 
chloric acid  converts  them  into  ethers  and  glycerine.  Alcohol  alone, 
in  large  quantity,  suffices  to  commence  this  double  decomposition, 
either  at  100°  in  eighty-eight  hours,  or  at  the  ordinary  temperature 
with  access  of  air. 

These  compounds  are  prepared  by  heating  the  mixture  of  an  acid 
with  glycerine,  adding  excess  of  carbonate  of  potash  after  the  liquid 
has  cooled,  then  agitating  with  ether,  evaporating  in  the  water-bath, 
and  drying  in  vacuo  with  the  aid  of  heat. 

The  mere  contact  of  glycerine  with  a  volatile  fatty  acid  continued 
for  three  months,  at  the  ordinary  temperature,  is  sufficient  to  form 
the  compound  in  considerable  quantity,  at  least  in  the  case  of  butyric 
acid. 

These  bodies  are  likewise  formed  by  the  action  of  hydrochloric  acid 
gas,  or  a  mixture  of  glycerine  with  the  acid,  or  even  of  glycerine  with 
the  ether  of  the  fatty  acid. 

1.  Valerius. — The  following  have  been  obtained  : 
Monovalerin  (C,,.  H^g  C,  =  Ci„  HioO.^  +  Cc  HaOe-2  HO)  at  200°, 

is  a  neutral,  oily,  odoriferous  liquid,  which  has  a  density  =  1*100,  and 
is  slowly  changed  into  valeramidc  by  the  action  of  ammonia. 

Divaierin  (Cof,  Use  Oj2  =  2  0,^  Hjo  O4  +  C^  Hg  06-2  110)  a  neutral, 
oily  liquid,  having  a  disagreeable  odour,  a  bitter,  aromatic  taste,  a 
density  of  1-059,  is  formed  at  275°,  by  the  action  of  the  aqueous  acid 
and  glycerine. 

2.  Buhjrins. — Butyric  acid  produces  three  compoinuls  : 
Monobutyrin  (C,,  li,^  0,  =  Cg  Hg  0^  +  Cg  Hg  Og-2  HO)  is  a  neutral, 

oily,  odoriferous  liquid,  having  a  bitter  and  aromatic  taste,  and  a 
density  of  1"088;  it  is  formed  in  presence  of  excess  of  glyceriuc, 
either  at  ordinary  tcmi)eratures,  or  at  200°.  AMien  sajionified  by 
baryta,  it  yields  half  its  weight  of  butyric  acid. 
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Dibutyrin  (C22  H22  0^^  —  2  C^  Kg  O^  +  Cg  Hg  0^  —  2  IIO)  is  a  neutral, 
only  liquid,  having  a  density  of  1-081,  volatilizing  towards  300°,  with- 
out apparent  decomposition,  mixing  with  alcohol  and  ether,  slightly 
soluble  in  water ;  it  is  formed  either  at  275°  or  at  200°,  with  the 
aqueous  acid.  When  saponified  by  baryta,  it  yields  |  of  its  weight  of 
butyric  acid. 

Butyridin  (Cj^Hj3  07  =  C8  Hg  O^  +  Cg  HgOj.  — 3  HO)  is  a  neutral, 
oily  liquid,  having  an  unpleasant  odour,  of  medium  fluidity,  density 
=  1"084',  soluble  to  a  considerable  extent  in  a  solution  of  carbonate  of 
soda;  it  is  formed  by  heating  to  200°  a  mixture  of  1  part  of  glycerine 
and  4  parts  of  butyric  acid.  When  treated  with  ammonia,  it  changes 
in  the  course  of  five  days  into  butyramide. 

3.  Acetms. — Acetic  acid,  which  in  this  point  of  view^  may  be  re- 
garded as  a  fatty  acid,  forms  two  compounds,  viz  : 

^ce/in(CioHio08  =  C^H^04  +  C6HgOg  — 2  HO),  a  neutral  liquid, 
of  slightly  ethereal  odour,  density=  1*20;  formed  at  100°,  and 
Acetidin  (C^q  Hg  0^  =  0^  H^  O4  +  Cg  Hg  Og  — 3  HO),  a  neutral,  odori- 
ferous liquid,  having  a  pungent  taste,  mixing  with  water,  volatile  at 
280°,  having  a  density  =  !•  184.  It  is  formed  vmder  the  most 
different  circumstances,  either  at  275°  or  at  200°,  in  presence  of 
excess  of  glycerine,  or  excess  of  acid,  aqueous  or  not.  When  saponi- 
fied by  baryta,  it  yields  glycerine,  and  half  its  weight  of  acetic 
acid. 


II. COMPOUNDS  OP  GLYCERINE  WITH  VARIOUS  ORGANIC  ACIDS. 

Glycerine  may  be  made  to  unite  with  benzoic,  sebacic  and  cam- 
phoric acid,  merely  by  the  action  of  time  and  of  heat. 

Benzoycin  (C20  Hj^  03  =  C^^  Hg  0^  +  Cg  Hg  06-2  HO)  is  a  light- 
coloured,  very  viscid  oil,  nearly  or  quite  inoxidable,  of  density  1"228 ; 
it  is  formed  either  at  200°  or  270°,  and  may  be  purified  in  the  same 
manner  as  butyrin.  It  begins  to  form  at  100°,  or  even  at  the  ordi- 
nary temperature,  and  is  also  produced  by  the  action  of  hydrochloric 
acid  on  a  mixture  of  glycerine  and  benzoic  ether,  or  even  by  the  direct 
action  of  glycerine  in  large  quantity  on  benzoic  ether  at  100°. 
Alkalies  convert  it  into  benzoic  acid  and  glycerin ;  alcohol  and  hydro- 
chloric acid,  into  benzoic  ether  and  glycerine ;  the  same  decompo- 
sition is  likewise  produced  even  by  alcohol  alone,  when  in  large 
quantity,  either  at  100°,  or  at  ordinary  temperatures  with  access  of 
air.     Lastly,  ammonia  converts  it  into  benzamide. 

Sebin  (C33  Hgg  Oiq^C^o  Hjg  Og4-2  Cg  Hg  Og  — 4  HO)  is  obtained 
at  200°.  It  is  a  neutral,  crystallizable  body,  resolved  by  oxide  of 
lead  into  sebacic  acid  and  glycerine. 

Camphorin  is  neutral,  viscid  like  thickened  turpentine,  soluble  in 
ether,  decomposable  by  oxide  of  lead  into  acid  and  glycerine. 
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III. COMPOUNDS  OF  GLYCERINE  WITH   MINERAL  ACIDS. 

Chlorhydrin  (Cg  H7C104  =  Cg  Hg  06  +  HC1-2  HO)  is  obtained  by 
saturating  glycerine  at  a  gentle  beat  witb  bydrocbloric  acid  gas,  and 
keeping  tbe  solution  at  100°  for  tbirty-six  bours.  Witbout  tliis  pre- 
caution, only  traces  of  tbe  product  are  obtained.  Tbe  solution  is 
tben  saturated  witb  carbonate  of  soda,  agitated  witb  etber,  and  tbe 
etber  evaporated.  Tbe  residue  of  tbis  operation,  wben  subjected  to 
distillation,  yields  cblorbydrin  at  227°  (a  fixed  point).  It  must  tben 
be  treated  a  second  time  with  lime  and  etber.  Cblorbydrin  is  a 
neutral  oil,  having  a  fresh  and  ethereal  odour,  a  saccharine  taste, 
with  a  pungent  after-taste,  and  mixing  with  water  and  etber;  its 
density  is  1*31. 

It  does  not  precipitate  nitrate  of  silver,  at  least  not  immediately. 
It  burns  with  a  white  flame  bordered  with  green,  eliminating  hydro- 
chloric acid.  Oxide  of  lead  saponifies  it  slowly  and  with  difficulty, 
yielding  quantities  of  glycerine  and  hydrochloric  acid,  nearly  propor- 
tional to  the  equivalents  of  those  bodies. 

Tbe  glyceric  compounds  prepared  by  the  action  of  hydrochloric 
acid  on  glycerine  and  an  acid,  all  contain  cblorbydrin  united,  or  we 
may  say  allied  with  them,  and  it  cannot  be  separated  from  them 
completely. 

Cblorhydrin  is  also  formed,  though  merely  as  a  trace,  by  the  action 
of  strong  hvdrochloric  acid  on  the  neutral  fats. 


On  Propionic  Alcohol. 
By  G.   Chancel. 

This  alcohol,  to  which  tbe  author  gives  tbe  name  of  Hydrate  of  Iri- 
tyl,  has  been  obtained  from  tbe  residue  of  the  distillation  of  esprits 
de  marcs,  a  product  which  had  been  previously  shown  by  Balard  to 
consist  of  amylic  alcohol.  The  first  portions  of  the  distiUation  of 
these  residues  were  rectified  several  times,  and  purified  by  a  method 
which  will  be  described  elsewhere.  Tbe  product  was  agitated  with 
carbonate  of  potash,  to  remove  tbe  greater  part  of  tbe  water,  then 
left  for  twenty-four  hours  in  contact  with  fused  hydrate  of  potash, 
and  distilled  over  that  substance. 

Hydrate  of  Trityl  (which  may  also  be  called  Propionic  or  Pro- 
pylic  Alcohol)  contains  : 

CeH«0,=  {^c[}7}o,; 

It  is  a  perfectly  limpid  liquid,  lighter  than  water,  and  baving  a 
fruity,  intoxicating  odour.  It  is  very  soluble  in  water,  though  it 
does  not  dissolve  in  that   liquid  in  all  proportions.     It  boils  at  96°. 
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Its  vapour  density  =  2*03,   corresponding  to  2  vols,   for  the  above 
formula.     It  unites  readily  with  sulphuric  acid. 

SiiJphotritylic  Acid  is  obtained  in  the  state  of  a  potash-salt,  by 
saturating  with  carbonate  of  potash,  a  mixture  of  sulphuric  acid 
and  hydrate  of  trityl  diluted  with  water ;  evaporating  to  dryness 
over  the  water-bath  ;  and  exhausting  the  residue  with  boiling  absolute 
alcohol,  which  dissolves  the  sulphotritylate  of  potash.  This  salt  con- 
tains 

CeH,KSO,=  {^'3H7|o  so^ 

As  the  solution  cools,  the  salt  is  deposited  in  delicate  needles,  very 
soluble  in  water  and  anhydrous. 

Tritylo-salphocarbonic  Acid  is  likewise  obtained  in  the  form  of  a 
potash-salt,  by  dissolving  caustic  potash  in  hydrate  of  trityl,  and 
adding  sulphide  of  carbon  to  the  solution.  The  salt  is  then  deposited 
in  slender  needles. 

Hydrate  of  trityl  readily  combines  with  other  acids  to  form  com- 
pound ethers. 

This  alcohol  is  probably  not  the  only  one  which  accompanies  the 
hydrate  of  amyl  in  the  huiles  de  mare.  M.  Faget  is  at  present 
engaged  in  examining  the  less  volatile  portions,  with  the  hope  of 
discovering  the  higher  homologues. 

The  formation  of  the  different  alcohols  by  the  decomposition  of 
sugar  or  glucose  under  the  influence  of  ferments,  may  be  represented 
by  the  following  equations  : 

2  C,2Hi20j2  =  8  COa-f-     4  C^  Hg  0^  hydrate  of  ethyl. 

r     C^  Hg  O2  hydrate  of  ethyl. 
„        =8  CO2  +  ^  2  Cg  Hs  O2  hydrate  of  trityl. 
L     2  HO 

„        =  8  CO2  +  j  ^  ^'hO^''  hydrate  of  tetryl. 

{Cg  Hg  O2  hydrate  of  trityl. 
Cj(,Hp02  hydrate  of  amyl. 
4  HO 

The  last  equation  seems  to  show  that  the  formation  of  hydrate  of 
amyl  is  necessarily  accompanied  by  that  of  hydrate  of  trityl. 
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XXII. — On  two  new  methods  for  the  determination  of  Nitrogen  in 
organic  and  inorganic  compounds. 

By  Maxwell  Simpson,  M.D.,  Dublin,  F.C.S. 

Having  been  recently  engaged  in  investigating  the  constitution  of 
several  interesting  nitro-compounds,  my  progress  was  arrested  by  the 
difficulties  I  encountered  in  the  determination  of  the  amount  of  their 
nitrogen.  In  fact,  all  the  methods  of  analysis  at  present  known 
proved  inapplicable.  From  the  peculiarity  of  the  constitution  of 
these  bodies,  I  could  not  with  safety  em})loy  the  soda-lime  process. 
I  had,  therefore,  recourse  to  Liebig's  qualitative  method,  but  totally 
failed,  in  consequence  of  oxide  of  copper  being  incapable  of  effecting 
complete  combustion  of  these  compounds,  they  being  remarkably 
rich  in  carbon.  I  did  not  try  Dumas'  or  Bunsen's  method,  as  the 
same  source  of  failure  obviously  exists  in  both. 

With  a  view  of  removing  this  difficulty,  and  at  the  same  time  of 
supjjlying  a  want  which  has  been  long  felt  in  organic  chemistry,  I 
connncnccd  the  present  research,  which  has  for  its  object  the  discovery 
of  a  new  method  for  the  determination  of  nitrogen,  wliich  shall  be 
easy  of  execution,  accurate,  and  at  the  same  time  general  in  its 
ap])Hcation. 

The  methods  I  am  about  to  describe  will,  I  liave  no  doubt,  be 
found  applicable  to  tlic  analysis  of  almost  all  nitrogenous  couipouuds, 
whether  organic  or  inorganic.  The  first,  which  is  a  comparative 
method,  may  be  employed  for  the  analysis  of  those  bodies  in  which 
the  amount  of  the  nitrogen  bears  a  considerable  |)r()portion  to  that 
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of  the  carbon.  Bodies  containing  1  equivalent  of  nitrogen  to  10  or 
even  15  equivalents  of  carbon,  may  be  safely  analysed  according  to 
this  process.  The  second,  which  is  an  absolute  method,  is  applicable 
to  the  analysis  of  almost  all  substances,  whether  rich  or  poor  in 
nitrogen. 

COMPARATIVE    METHOD. 

The  principle  of  this  method  is  the  same  as  that  of  Liebig's. 
The  organic  substance  is  burnt,  and  the  evolved  gases,  namely, 
carbonic  acid  and  nitrogen,  are  collected  in  a  graduated  tube  over 
mercury,  and  their  I'elative  proportion  ascertained  by  absorbing  the 
former  by  means  of  caustic  potash.  The  combustion  of  the  organic 
compound  is,  however,  effected  by  means  of  oxide  of  mercury  instead 
of  oxide  of  copper.  The  employment  of  the  former  as  the  agent  of 
combustion  involves  the  necessity  of  using  a  large  quantity  of  metallic 
copper  in  the  fore-part  of  the  combustion-tube,  to  absorb  the  free 
oxygen,  which  would  otherwise  enter  the  graduated  jar  and  vitiate 
the  analysis.  No  explosion  is  to  be  apprehended,  as  the  oxygen  in 
the  combustion-tube  is  largely  diluted  with  mercurial  vapour.  It  is 
of  course  necessary  in  this,  as  in  Liebig's  process,  that  the  amount 
of  carbon  in  the  substance  intended  for  analysis  should  have  been 
previously  determined. 

It  is  indispensable  to  the  success  of  this  method,  that  all  the 
substances  employed  in  it  should  not  only  be  free  from  nitrogen, 
but  from  all  bodies  capable  of  absorbing  carbonic  acid,  such  as 
potash,  baryta,  &c.  Now  as  the  red  precipitate  of  commerce  is 
frequently  contaminated  with  nitric  acid,  it  is  quite  inapplicable ;  it 
therefore  becomes  necessary  to  prepare  it  specially  for  the  process. 
The  following  is  the  best  manner  of  preparing  it. 

A  solution  of  corrosive  sublimate  is  treated  with  an  excess  of 
caustic  potash  (an  excess  is  necessary,  in  order  to  prevent  the  precipi- 
tation of  an  oxychloride),  and  the  precipitate,  which  is  thrown  down, 
is  washed  by  decantation  till  the  supernatant  liquor  ceases  to  turn 
red  litmus  blue.  It  is  next  transferred  to  an  evaporating  basin,  the 
liquor  removed  by  a  pipette,  and  a  solution  of  phosphoric  acid  added, 
drop  by  drop,  till  the  moist  mass  acquires  a  distinctly  acid  reaction, 
and  retains  it  even  after  stirring.  Finally  the  mercury  is  dried, 
heated  pretty  strongly,  and  preserved  in  a  well-stoppered  bottle  for 
use.  The  addition  of  phosphoric  acid  effectually  secures  the  absence 
of  free  potash.  It  is  advisable  to  prepare  it  by  burning  a  little 
phosphorus  under  a  bell-jar.  I  shall  now  describe  the  process  in 
detail. 
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A  narrow  combustion-tube^  of  hard  and  tolerably  thick  Bohemian 
glass,  32  inches  in  length,  is  selected  and  sealed  at  one  end. 
A  quantity  of  chlorate  of  potash,  about  8  or  9  grms.,  which 
has  been  previously  fused  and  powdered,  is  now  introduced,  and 
about  3  inches  beyond  it,  the  tube  is  bent  into  an  obtuse  angle, 
as  represented  in  Fig.  1.  A  plug  of  freshly  ignited  asbestos  is 
FIG.  ].  driven  up  to  this  an- 

gle, which  it  should 
-^  °     fit  pretty  tightly  and 
'•'''"  yetpermitthepassage 

of  gas.  The  interval 
between  the  chlorate 
and  the  asbestos  is  for  the  purpose  of  giving  room  for  the  frothing  up 
of  the  former  on  the  application  of  heat.  Two  grammes  of  oxide  of 
mercury  are  next  added,  and  then  a  second  asbestos  plug.  One 
decigramme  of  the  substance  intended  for  analysis  is  weighed  out, 
and  intimately  mixed  with  4|  grms.  of  oxide  of  mercury  and  1  ^  grms. 
of  oxide  of  copper.*  The  copper  is  employed  simply  to  dilute  the 
mixture  and  to  make  up  for  defective  mixing,  as  the  above  quantity 
of  oxide  of  mercury  is  quite  sufficient  for  the  complete  combustion  of 
1  decigramme  of  any  organic  substance.  This  mixture  is  transferred 
to  the  tube,  and  so  disposed  as  to  form  a  stratum  of  6  or  7  inches  in 
length. 

An  asbestos  plug  is  now  introduced,  and  then  a  second,  distant 
about  2  inches  from  the  first,  an  empty  space  being  left  between  the 
two  as  shown  in  Fig.  1.  A  second  organic  mixture  is  next  formed, 
composed  of  3  grms.  of  oxide  of  mercury,  1  grm.  of  oxide  of  copper, 
and  007  grm.  of  substance,  which  is  also  transferred  to  the  tube  and 
arranged  so  as  to  occupy  about  4  inches  of  it.  A  quantity  of  finely- 
divided  metallic  copper,  about  8  or  10  grms.,  is  finally  placed  in  the 
fore-part  of  the  tube,  a  little  asbestos  separating  it  from  the  organic 
mixture,  and  spread  out  so  as  to  form  a  thin  layer,  of  about  6  or 
7  inches  in  length. f  The  tube  being  thus  filled,  is  drawn  out  in 
front  about  2  or  3  inches,  and  a  gas-delivery  tube,  having  the  form 

*  I  would  strongly  recominctid  tlic  employment  of  a  mixliiie  of  equal  parts  of  oxide 
of  copper  and  oxide  of  mercury  for  the  determination  of  carbon  in  graphite,  carburets  of 
iron,  albumen,  and  other  sul)staiices  difficult  of  combustion.  Liebig's  apparatus  for 
organic  analysis  may  be  employed  without  modification.  The  dcteruiinatinn  of  the 
hydrogen  must,  however,  be  given  uj),  as  mercurial  vapour  would  condense  in  tJic  chlo- 
ride of  calcium,  and  inci'Ciuse  its  weight. 

t  The  copper  is  best  prepared  by  reducing  oxide  of  copper  by  means  of  hydrogen 
gas.  If  the  reduction  be  etfected  at  a  low  temperature,  the  copper  is  obtained  in  a  very 
minute  state  of  division,  and  is  admirably  fitted  for  the  absorption  of  oxvgcn. 

ir'  2 
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represented  in   Fii 
joint. 


2,  is  attached  to  it  by  means  of  a  caoutchouc 


FIG.  2. 


Two  combustion-furnaces  are  now  arranged  in  such 
a  manner  as  to  form  an  obtuse  angle  with  each  other, 
as  represented  in  Fig.  3.  An  old  furnace  may  be  made 
to  answer  remarkably  well,  if  it  be  cut  aca'oss,  at  a 
distance  of  about  12  inches  from  the  extremity.  The 
tube  is  arranged  ou  the  furnaces  with  1  inch  of  the 
wide  part  projecting  beyond  the  anterior  one,  as  shown 

FIG.   3. 


in  the  drawing.  This  is  necessary  for  the  preservation  of  the  caout- 
chouc connector,  as  the  narrow  part  of  the  tube  with  which  it  is 
in  contact  becomes  highly  heated  during  the  combustion,  from  the 
condensation  in  it  of  a  large  quantity  of  mercurial  vapour. 

The  delivery-tube  is  now  plunged  beneath  the  surface  of  mercury 
in  a  mercurial  trough,  and  heat  is  cautiously  applied  to  the  chlorate, 
so  as  to  produce  a  rai)id  but  not  tumultuous  evolution  of  gas 
(See  Fig.  3).  When  the  transmission  of  gas  has  proceeded  for  a  short 
time,  it  is  advisable  to  heat  gently  the  unmixed  oxide  of  mercury  at 
the  angle  of  the  tube,  so  as  to  produce  a  slight  disengagement  of 
oxygen,  and  thereby  more  completely  to  remove  the  atmospheric  air 
mechanically  retained  in  its  pores.  When  the  chlorate  is  nearly 
exhausted,  the  tube  is  heated  to  redness  from  its  sealed  extremity  to 
its  angle,  and  maintained  at  a  red  heat  during  the  entire  process,  in 
order  to  prevent  products  of  decomposition  distilling  bade  into  this 
part,  on  the  application  of  heat  to  the  organic  mixture. 
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Having  thus  driven  the  atmospheric  air  completely  out  of  the 
tube  and  replaced  it  by  oxygen,  the  next  step  is  to  burn  the 
organic  mixture  No.  2,  and  allow  the  gaseous  products  to  escape 
through  the  mercury  into  the  air  without  being  collected.  The 
object  of  this  will  be  afterwards  explained.  The  combustion  is  con- 
ducted in  the  following  manner. 

The  empty  space  (Fig.  1),  which  must  be  shaded  by  an  iron 
screen  at  each  end,  in  order  to  prevent  the  heat  from  extending 
to  the  organic  mixtures,  is  heated  first,  and  afterwards  the  metallic 
copj)er.  The  latter  is  quickly  raised  to  a  full  red  heat,  and  as  soon 
as  the  mercury  is  observed  to  rise  in  the  delivery-tube,  from  the 
absor])tion  of  oxygen  by  the  copper,  a  small  quantity  of  the  mixture 
No.  2  is  heated,  beginning  with  the  anterior  part,  the  rest  being 
])rotected  by  a  screen.  The  combustion  of  the  entire  mixture  is 
proceeded  with  by  gradually  shifting  back  the  screen  and  exposing  a 
small  quantity  of  it  at  a  time  to  the  action  of  the  fire.  The  empty 
space  as  well  as  the  metallic  copper  must  be  maintained  at  a  full  red 
heat  during  the  entire  combustion.  The  object  of  heating  the  former 
is  to  prevent  products  of  decomposition,  on  the  application  of  heat  to 
the  mixture  No.  2,  from  distilling  back  to  mixture  No.  1,  which 
products  might  diflfer  from  the  original  substance  in  the  relative 
])roportion  of  their  carbon  and  nitrogen. 

We  have  thus,  by  the  burning  of  the  anterior  mixture,  removed 
the  oxygen  from  that  part  of  the  combustion-tube  which  is  in  front  of 
the  metallic  copper,  and  from  the  delivery-tube  (the  oxygen  behind 
the  copper  does  not  interfere  with  the  process,  as  it  cannot  pass  the 
red-hot  metal),  and  replaced  it  by  a  gaseous  mixture  of  the  same 
composition  as  that  which  the  combustion  of  the  posterior  mixture 
will  afford.  The  tube  being  now  in  a  proper  condition,  the  fire  may 
be  extended  to  mixture  No.  1  (Fig.  1),  and  the  gaseous  products 
may  now  be  collected.     This  is  done  in  the  following  manner. 

A  eudiometer  is  filled  with  mercury,  and  all  air-bubbles  having 
been  carefully  removed,  it  is  inverted  and  plunged  beneath  the  surface 
of  the  mercury  in  the  trough,  and  as  soon  as  the  evolution  of  gas 
from  mixture  No.  2  has  ceased,  the  delivery-tube  is  brought  uiuler  it, 
and  the  combustion  of  mixture  No.  1  is  commenced,  (Fig.  3). 
Before  filling  the  eudiometer,  it  is  necessary  to  moisten  the  inside 
with  a  drop  of  water,  in  order  that  the  gas  afterwards  to  be  collected 
in  it  may  be  saturated  with  moisture,  a  condition  requisite  for  its 
accurate  measurement.  An  ordinary  Hunsen's  eudiometer  will 
answer  very  well,  provided  it   possess  the  necessary  capacity.     The 
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tube  I  usually  employed  was  550  millimetres  ia  length,  had  an  internal 
diameter  of  21  millimetres  and  a  capacity  of  about  200  cubic  centi- 
metres. This  I  found  quite  large  enough  to  contain  the  products  of 
combustion  from  1  decigramme  of  substance.  It  is  of  course  not 
necessary  that  it  should  be  provided  with  platinum  wires.  For  the 
method  of  constructing  and  graduating  a  eudiometer,  I  must  refer 
to  the  "  Handwortcrbuch  der  Chemie,"  vol.  II,  p.  1053. 

The  euchometer  being  placed  on  the  delivery-tube,  the  combustion 
of  mixture  No.  1  is  commenced,  and  so  conducted  as  to  produce  a 
slow  but  uninterrupted  evolution  of  gas.  As  soon  as  the  combustion 
is  terminated,  heat  is  applied  to  the  unmixed  oxide  of  mercury  at  the 
angle  of  the  tube,  in  order  that  the  oxygen  evolved  may  drive  the  last 
portions  of  gas  into  the  eudiometer.  When  the  operation  is  at  an 
end,  the  eudiometer  is  disconnected  and  transferred  to  a  mercurial 
trovigh  with  glass  sides. 

At  the  expiration  of  six  or  seven  hours,  the  volume  of  gas  is  read 
off  and  properly  corrected  for  temperature  and  aqueous  vapour.  An 
observation  cannot  with  safety  be  made  sooner,  since  both  the  gas 
and  the  column  of  mercury  in  the  eudiometer  (which  must  be  after- 
wards compared  with  a  cold  barometric  column)  acquii'e  a  very  high 
temperature  during  the  combustion,  in  consequence  of  their  proximity 
to  the  furnace.  A  potash  ball,  attached  to  a  platinum  wire,  is  now 
moistened  with  water  and  introduced  into  the  eudiometer.  It  should 
be  made  in  such  a  manner  as  to  contain  as  much  water  of  crystalliza- 
tion as  possible  in  addition  to  its  basic  water.'^  As  soon  as  the 
absorption  of  the  carbonic  acid  is  complete  and  the  residual  nitrogen 
quite  dry,  the  ball  is  withdrawn  and  a  second  observation  is  made. 
This  corrected  for  temperature  and  pressure,  gives  the  nitrogen,  and 
the  difference  between  this  and  the  first  gives  the  carbonic  acid. 

The  advantages  which  this  method  offers  are  : 

1st.  Complete  combustion  of  the  organic  substance  is  secured,  as 
it  is  burnt  in  an  atmosphere  of  oxygen  gas. 

2nd.  The  formation  of  all  oxides  of  nitrogen  is  entirely  prevented, 
by  the  incandescent  mercurial  vapour  with  which  the  tube  is  filled 
during  the  combustion. 

3rd.  From  the  method  of  the  analysis  we  are  enabled  to  collect 
almost  the  whole  of  the  gas  evolved  in  the  combustion  of  the  posterior 
organic  mixture,  so  that  the  carbon  and  nitrogen  might  be  almost 
quantitatively  estimated.  It  is  true,  that  at  the  termination  of  the 
combustion,  a   small   quantity  of  gas  remained  in  the  delivery-tube, 

*  Haiulworterbuch,  II,  1063. 
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which  could  not  be  driven  into  the  eudiometer  by  the  oxygen ;  but 
this  is  compensated  by  the  dehvery-tube  having  been  full  of  gas  from 
the  anterior  mixture^  when  the  combustion  of  the  posterior  one  was 
commenced,  which  was  of  course  driven  into  the  eudiometer. 

Should  the  operator  apprehend  that  oxygen  has  passed  into  the 
eudiometer,  he  can  at  once  satisfy  himself  on  this  point  by  examining 
the  tube  after  the  combustion.  In  a  well-conducted  analysis,  there 
will  always  be  2  or  3  inches  of  perfectly  bright  metallic  copper  in  the 
fore- part  of  the  tube. 

I  shall  now  give  the  results  of  the  analyses  that  were  made,  in 
order  to  test  the  accuracy  of  this  method.  The  substances  employed 
were  all  obtained  from  Merck^s  establishment  in  Dai'mstadt,  and 
were  remarkably  pure. 

URIC    ACID. 
Observed    Temp.    Height  of  mercury  Corrected  vol.  at  0"  C. 


vol. 

C.     1 

above  that  in  trough. 

Barom. 

and  1"""  pre 

Vol.  of  mixed  gases 

CO2+N  (moist)   471-05 
After  absorption  of 

CO;,  (dry)      .     .  219-54 

17-30 

17-20 

11 7-0'"'" 
363-4  „ 

743-3'"'" 
742-4  „ 

270-94 

78-27 

Relation  by  volume. 

Theory           2-5  C.  :  1-000  N. 
Experiment  25  „    :  1-015  „ 

~ 

CAFFEINE    I. 

Observed  Temp.    Height  of  mercury                   Corrected  vol.  at  0"  C. 

vol.  C.     above  that  in  trough.  Barom.     and  1"""  pressure. 
Vol.  of  mixed  gases 

CO.^+N  (moist)  489-28  18-5"               103-7"""  740-fl"""             284-32 
After  absorption  of 

CO.  (dry)     .     .   183-62  18-5"               403-1  „  7383  „                57-64 

Relation  by  volume. 
Theory  4  C.  :  1-000  N. 

Experiment  4  „   :  1-017  „ 

CAFFEINE    II. 

Observed    Temp.    Height  of  mercury  Corrected  vol.  at  0"C. 

vol.  C.     above  that  in  trough.    Barom.     and  1"""  pressure. 

Vol.  of  mixed  gases 

CO,,+  N  (moist)  406-98       19-1  149-3"""  743-2'"'"  219-65 

After  absorption  of 

COj((h-y)     .     .141-95       18-7  4114,,  745-8,,  44-42 

Relation  by  volume. 

Theory  4  C.  :   1000  N. 

Experimcnl  (    „    :    1014   „ 
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ASPARAGIN. 

Observed    Temp.    Height  of  mercury  Corrected  vol.  at  0"  C. 

vol.  C.     above  that  in  trough.    Baroin.     and  1"""  pressure. 

Vol.  of  mixed  gases 

CO. +  N  (moist)  347-15       18-9  194-7"""  743-2"""  172-82 

After  absorption  of 

CO.^(dry)     .     .110-49       19-5  407-9,,  741-4  „  34-58 

Relation  by  volume. 
Theory  4  C.  :  1.000    N. 

Experiment  4  ,,    :   1-0007  „ 

HIPPURIC    ACID. 

Observed    Temp.    Height  of  mercury  Corrected  vol.  at  0"  C. 

vol.  C.     above  that  in  trough.    Barom.     and  1'"'"  pressure. 

Vol.  of  mixed  gases 

CO.^+N  (moist)  423-24       19  4  124-4°»"  736-7"""  235-35 

After  absorption  of 

CO2  (di7)     .     .     54-7         19-4  485-4  „  730-3  „  12-81 

Relation  by  volume. 
Theory  18  C.  :  1-000  N. 

Experiment    18  „    :  1-036  „ 

QUININE. 

Observed    Temp.    Height  of  mercury  Corrected  vol.  at  0"  C. 

vol.  C.     above  that  in  trough.    Barom.     and  1'"'"  pressure. 

Vol.  of  mixed  gases 

CO.,+  N  (moist)  441-18       17-5  112-9°""  739-7™"^  253-78 

After  absorption  of 

CO2  (dry)     .     ,     55-9         184  4934  „  7419  „  1301 

Formula.  Relation  by  volume. 

C38  Hs-j  N.O^  )  Theory  19  C.  :  1-000  N. 

(Laurent's)  j  Experiment   19  „    :  1-027  „ 

The  method  I  have  just  described  is  proposed  as  one  remarkably 
easy  of  execution,  and  sufficiently  accurate  for  the  analysis  of  com- 
pounds rich  in  nitrogen.  Indeed,  greater  accuracy  cannot  be 
attained  by  Dumas'  absolute  method,  in  which  from  3  to  6  deci- 
grammes of  substance  are  employed,  and  all  the  trouble  of  drying 
and  accurately  weighing  it  must  be  gone  through.*  The  error  in  all 
these  analyses,  it  will  be  observed,  is  always  in  the  same  direction, 
and  may  with  perfect  safety  be  taken  into  account  in  all  results 
obtained  by  this  method. 

The  sources  of  inaccuracy  are  : 

1st.  Air  adheres  with  great  obstinacy  to  the  oxide  of  mercury  in 


*  Handbuch  der  Analytischeu  Chemie,  von  Rose,  II,  814. 
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the  combustion-tube,  and  cannot  be  entirely  removed,  even  by  a  pro- 
tracted transmission  of  gas.  From  the  method  of  the  analysis,  how- 
ever, it  is  the  air  adhering  to  the  posterior  mixture  alone,  amounting 
only  to  6  grms.,  which  enters  the  eudiometer  and  affects  the  accuracy 
of  the  analysis. 

2nd.  From  the  principle  of  the  method,  the  accuracy  of  the 
results  depends  upon  the  correctness  of  the  carbon  determination. 

3rd.  It  is  impossible  to  introduce  the  potash-ball  into  the  eudio- 
meter without  at  the  same  time  admitting  a  little  air. 

If  greater  accuracy  be  sought  than  can  be  attained  by  this  method, 
or  if  a  body  poor  in  nitrogen  is  to  be  analyzed,  the  following  or 
absolute  method  must  be  employed,  in  which  almost  all  these  sources 
of  error  are  avoided. 

ABSOLUTE    METHOD. 

The  principle  of  this  method  is  the  same  as  that  of  Dumas.  A 
known  weight  of  the  substance  intended  for  ^analysis  is  burnt  in  a 
tube  from  which  the  atmospheric  air  has  been  previously  expelled  by 
means  of  carbonic  acid,  and  the  gaseous  products  are  collected  over 
mercury  in  a  gas- vessel  containing  a  solution  of  caustic  potash.  All 
the  carbonic  acid  is  absorbed,  and  nothing  but  nitrogen  is  left.  The 
volume  of  the  latter  is  afterwards  ascertained,  and  its  weight  deter- 
mined by  calculation. 

To  fui'uish  the  carbonic  acid  required  in  this  process,  I  have 
always  employed  carbonate  of  manganese  in  preference  to  bicarbonate 
of  soda  or  carbonate  of  copper,  which  are  usually  employed  in  pro- 
cesses of  this  description,  as  it  contains  more  available  carbonic  acid, 
and  I  believe  less  water  than  those  substances.  It  may  be  econo- 
mically prepared  from  the  impure  chloride  of  manganese,  which 
accumulates  to  such  an  extent  in  most  laboratories  from  the  prej)ara- 
tion  of  chlorine  gas.  This  is  evaporated  to  dryness,  dissolved  in 
water,  filtered,  and  a  solution  of  carbonate  of  soda  added  gradually, 
till  all  the  iron  is  thrown  down.  The  liquor  is  again  filtered,  and 
tn^atcd  now  with  an  excess  of  carbonate  of  soda,  which  j)reci|)itatcs 
all  the  manganese  as  carbonate.  The  precipitate  is  well  washed  by 
decantation,  dried  in  a  water-bath,  and  preserved  in  a  well-stoppered 
bottle  for  use. 

In  this,  as  in  the  preceding  method,  oxide  of  mercury  is  cm- 
ployed  as  the  agent  of  combustion,  and  must  be  prepared  in  the  same 
manner.     I  will  now  give  a  detailed  account  of  the  process. 

A   combustion-tube  of  hard   glass,  2;^    to   3    feet    in    length    and 
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having  tolerably  thick  walls,   is   selected,   and  sealed  at    one    end. 

Twelve  grammes  of  carbonate  of  manganese  are  now  intimately  mixed 

in  a  mortar  with  2  grms.   of  oxide  of  mercury,  and  the  mixture  is 

pjg  4  transferred    to    the 

^  ■    '  tube  (Fig.  4).    The 


OXIDE      METALLIC 


CftREONftTE  OF    |         MIXTURE  |oi(IDE|     METALLIC Oxldc      Is       addcd 


m 


MANGANESE     I  Icopper]     COPPER  ordcr  to  prcvcnt  the 

'  ^     ^  possible     formation 

of  carbonic  oxide,  from  the  presence  of  organic  matter  in  the  man- 
ganese, or  from  other  causes.  At  a  distance  of  1  inch  from  the 
carbonate,  a  plug  of  freshly  ignited  asbestos  is  placed,  so  that  on 
bringing  the  tube  into  a  horizontal  position,  a  channel  may  be 
left  for  the  passage  of  gas.  A  quantity  of  the  substance  intended 
for  analysis,  having  been  previously  reduced  to  powder  and  dried 
in  a  water-bath  till  it  had  ceased  to  lose  weight,  is  now  intro- 
duced into  a  small  glass  tube,  and  accurately  weighed.  About 
5  or  6  decigrammes  of  it  are  next  carefully  transferred  to  a 
well-glazed  mortar,  and  the  tube  is  weighed  a  second  time,  the 
difference  between  the  two  weighings  giving  the  exact  quantity  of 
substance  employed  in  the  analysis.  Some  freshly  ignited  oxide  of 
copper  and  oxide  of  mercury  are  now  intimately  mixed  in  a  mortar, 
in  the  proportion  of  2  parts  of  the  former  to  24  of  the  latter.  This 
mixture  is  dried  in  an  evaporating  basin,  and  a  quantity  of  it  is 
weighed  out,  sufficient  to  furnish  4^  grms.  for  the  combustion  of 
each  decigramme  of  substance  taken  (6  decigrammes  of  substance 
requiring  therefore  27  grms.  of  the  mixed  oxides).  This  will  afford 
quite  enough  oxygen  for  the  complete  combustion  of  any  organic 
compound.  It  is  next  added  to  the  mortar  containing  the  substance 
for  analysis,  and  most  intimately  mixed  with  it,  and  the  whole  is 
transferred,  without  loss,  to  the  combustion-tube,  about  1  grm.  of 
unmixed  oxide  of  mercury  having  been  previously  introduced 
(Fig.  4).  The  mortar  is  then  rinsed  with  a  little  pure  oxide  of  copper 
and  a  little  of  the  mixture,  which  are  also  transferred  to  the  tube.  A 
plug  of  asbestos  is  now  introduced  and  placed  at  a  distance  of  about 
10  or  11  inches  from  the  former  plug,  so  that  on  bringing  the  tube 
into  a  horizontal  position,  the  organic  mixture  may  not  form  too 
thick  a  stratum.  The  asbestos  should  be  made  to  sweep  before  it 
every  particle  of  the  organic  mixture  adhering  to  the  walls  of  the 
tube.  A  quantity  of  pure  oxide  of  coppei*,  sufficient  to  occupy  about 
2  or  3  inches  of  the  tube  is  next  added,  then  another  asbestos  plug, 
and  finally  about  12  or  15  grms.  of  finely-divided  metallic  copper, 
prepared  in  the  same   manner  as   for  the  preceding    process.      The 
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copper  should  be  made  to  occupy  about  7  or  8  inches  of  the  tube 
(Fig.  4).  The  tube  is  now  drawn  out  and  a  deUvery-tube  attached 
to  it  by  means  of  a  caoutchouc  connector,  of  the  same  size  and  shape 
as  that  used  in  the  former  method,  with  this  exception,  that  the 
extremity  which  is  to  be  plunged  beneath  the  mercury,  forms  a 
right  instead  of  an  acute  angle.  A  few  taps  on  a  table  suffice  to  shake 
together  the  contents  of  the  tube,  so  as  to  leave  a  free  passage  for 
the  evolved  gases  from  end  to  end. 

The  tube  being  thus  prepared,  is  arranged  in  the  combustion- 
furnace,  with  1  inch  of  the  wide  part  projecting  beyond  it,  and  the 
delivery-tube  is  plunged  beneath  the  surface  of  the  mercury  in  the 
mercurial  trough,  and  kept  in  this  position  by  means  of  a  wooden 
holder  (Fig.   5).      A    screen    is  now    placed  over    the    tube,    at  a 


FIG.  5. 


distance  of  1^  to  2  inches  from  the  scaled  extremity;  hot  coals  are 
laid  over  the  part  so  separated,  R,  for  a  few  minutes  until  the  carbonic 
acid  evolved  has  expelled  all  the  atmospheric  air,  and  are  then  trans- 
ferred to  the  other  side  of  the  screen  and  placed  over  the  posterior 
half  of  the  reuKiining  carbonate  B,  which  is  heated  in  such  a  manner 
as  to  ])roduce  a  pretty  brisk  evolution  of  gas.  When  the  disengage- 
ment of  gas  begins  to  decline,  the  fire  is  extended  to  the  anterior 
lialf  of  the  manganese  C,  and  the  metallic  copper  and  unmixed  oxide 
in  the  fore-part  of  the  tube  are  at  the  same  time  raised  to  a  red 
heat,  the  organic  mixture  being  of  course  protected  from  the  heat  by 
means  of  a  screen.  The  carbonic  acid  in  its  passage  over  the  red- 
hot  copper  and  oxide,  sweeps  before  it  every  trace  of  air  mechanically 
adhering  to  them.  As  soon  as  the  evolution  of  gas  has  ceased, 
the  end  of  the  delivery-tube,  without  of  course  allowing  it  to  rise 
above  the  surface  of  the  mercurv,  is  introduced  into  the  gas-apparatus 
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represented  in  Fig.  5,  which  has  been  previously  filled  carefully  with 
mercury^  with  the  excej)tion  of  the  to{),  which  contains  IG  or  17 
cubic  centimetres  of  a  concentrated  solution  of  potash,  and  the  fire  is 
extended  to  the  organic  mixture.  During  the  entire  combustion, 
that  part  of  the  tube  where  the  exhausted  manganese  lies,  must  be 
maintained  at  a  red  heat. 

Before  proceeding  further,  it  will  be  necessary  to  give  a  minute 
description  of  this  gas-apparatus  and  the  method  of  constructing 
it,  particularly  as  I  believe  it  will  be  found  capable  of  extensive 
application.  A  glass  vessel  is  procured,  of  the  shape  represented  in 
Fig.  6,  and  having  a  capacity  of  about  203  cubic  centimetres;  the 
„     top   should  not  be  more  than  7  or  8  millimetres  in  outer 

FIG.    6.  .' 

diameter.     A    tube    of    thick    vulcanized    caoutchouc,    ]  5 
inches    in    length,  is   slipped   over  the   top,   which  it   must 
accurately  fit,  to  the  extent  of  half  an   inch,  and  securely 
bound  round  it  with  silk  cord,   1  inch  of  tubing  being  thus 
left  above  the  apparatus.      A  glass  rod,  half  an  inch  long, 
with  the  ends  ground  flat,  and  having  the  same  diameter  as 
the   caoutchouc    tube,    is    pressed  down    the    latter  till  it 
touches  the  gas-vessel.     A  piece  of  thermometer  tubing,  also 
of  the  same  diameter  as  the  caoutchouc   and  having  a  fine 
hair-bore,  is  now  bent  into  the  form  represented  in  Fig.  7,  and  also 
'FIG.  7.      inserted.     The  caoutchouc  is  next  slightly  stretched  over 
it,  and  at  the  same  time  firmly  secured  with  silk  cord,  so 
that  there   shall   be  no    interval   between    the  glass    rod, 
bent  tube,   and   gas-vessel.      A    silk  cord   is   lastly  tied 
round  that  part  of  the  caoutchouc  where  the  solid   rod 
lies.      Before  using  this  apparatus,  the  joints    must    be 
tested   by  partially  filling  it  with  mercury,  plunging  the 
mouth  beneath  the  surface  of  the  same  liquid,  and  ob- 
serving if  the  level  remains  constant. 

The  joints  having  been  thus  proved  perfect,  the  apparatus  is  filled 
with  mercury  and  solution  of  potash,  the  delivery- tube  is  introduced, 
and  the  fire  is  extended  to  the  organic  mixture  in  the  manner 
already  described  (Fig.  5).  A  slow  but  uninterrupted  evolution 
of  gas  is  kept  up  by  gradually  shifting  back  the  screen  and  exposing 
a  small  quantity  of  the  mixture  at  a  time  to  the  action  of  the  fire. 
When  the  combustion  has  terminated,  the  unexhausted  manganese  at 
the  sealed  end  of  the  tube  is  heated,  and  thus  every  trace  of  nitrogen 
is  driven  into  the  gas-apparatus.  When  the  gas-bubbles  which 
enter  the  potash  are  completely  absorbed,  the  oi)eration  is  at  an  end. 
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and  the  delivery-tube  may  be  withdrawn  from  the  apparatus.  During 
the  entire  combustion  the  metallic  copper  in  the  fore-part  of  the  tube 
must  be  kept  at  a  full  red  heat. 

Having  thus  collected  all  the  nitrogen  set  free  by  the  combustion 
of  the  organic  compound,  the  next  step  is  to  transfer  it  to  a  eudio- 
meter for  measurement.     This  is  done  in  the  following  manner : 

A  tube,  of  the  shape  represented  in  Fig.  8,  which  has  been  thick- 
FiG.  8.  eued  and  has  had  its  diameter  considerably  reduced  at  A, 
is  fitted  with  a  perforated  cork,  and  firmly  pressed  into  the 
mouth  of  the  gas-vessel  beneath  the  surface  of  the  mercury 
Care  must  be  taken  not  to  introduce  air  at  the  same  time  with 
the  cork.  This  is  best  avoided  by  moistening  it  with  a  solu- 
tion of  corrosive  sublimate  previous  to  introduction.  Mercury 
is  now  poured  into  the  tube  till  its  level  there  is  considerably 
higher  than  that  in  the  gas-vessel.  The  whole  apparatus  is 
then  lifted  out  of  the  mercury,  carried  to  a  mercurial  trough 
with  glass  sides,  and  allowed  to  stand  for  one  or  two  hours,  in 
order  that  the  absorption  of  the  carbonic  acid  may  be  complete. 
At  the  expiration  of  this  time,  a  eudiometer  similar  to  that  employed 
in  the  preceding  process  (it  is  of  course  not  necessary  for  it  to 
be  so  long),  is  moistened  with  a  drop  of  water,  carefully  filled 
with  mercury,  inverted  and  placed  beneath  the  surface  of  the  mer- 
cury in  the  trough.  The  end  of  the  bent  tube  attached  to  the 
gas-apparatus  is  now  brought  under  the  eudiometer,  the  centre 
cord  is  removed  from  the  caoutchouc,  and  mercury  poured  into  the 
upright   tube  (Fig.  9).     By  this  means  the  gas  is  gradually  forced 

FIG.    9. 
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into  the  eudioinotcr.  When  it  is  nearly  all  transferred,  the  mercury 
must  be  added,  drop  by  drop,  till  the  ])otash-solution  makes  its 
appearance  in  the  bent  tube  above  the  caoutchouc,  upon  which  the 
apparatus  may  be  removed.  Great  care  must  be  taken  not  to  allow 
the  mercury  to  carry  down  any  air- bubbles  into  the  apparatus.  This 
is  best  prevented  by  tilling  the  upright  tube  with  mercury  before 
detaching  the  cord,  removing  all  air-bubbles  with  a  copper  wire,  and 
afterwards,  when  the  cord  is  untied,  by  pouring  in  mercury  accord- 
ing as  the  gas  is  transferred,  so  as  to  keep  it  nearly  full.  This  is 
readily  done  if  the  caoutchouc  joint  has  been  carefully  made,  so  as 
not  to  allow  the  passage  of  gas  without  considerable  resistance. 

We  have  now  transferred  to  the  eudiometer  the  exact  quantity  of 
gas  that  was  in  the  gas-apparatus.  It  is  true  that  on  beginning 
to  transfer  the  nitrogen,  the  hair-tube  was  full  of  air,  which  was  of 
course  driven  into  the  eudiometer ;  this  is,  however,  exactly  com- 
pensated by  an  equal  measure  of  nitrogen  remaining  behind,  namely, 
the  full  of  the  same  hair-tube,  on  disconnecting  the  apparatus.  We 
have  thus  been  enabled,  by  means  of  this  apparatus,  and  by  the 
employment  of  a  very  small  quantity  of  mercury,  not  only  to  transfer 
the  gas  completely  to  the  eudiometer,  but  also  to  separate  it  com- 
pletely from  the  potash -solution,  which,  by  the  tension  of  its  vapour, 
would  afterwards  interfere  with  tlie  accurate  measurement  of  the  gas. 

The  volume  of  gas  is  now  read  off  and  properly  corrected  for 
temperature,  pressure,  and  aqueous  vapour.  The  actual  number  of 
cubic  centimetres  it  occupies  and  its  weight,  are  afterwards  ascer- 
tained by  calculation. 

The  advantages  of  this  method  are  : 

1st.  As  in  the  preceding  process,  the  complete  combustion  of  the 
organic  body  is  secured,  and  the  formation  of  all  oxides  of  nitrogen 
effectually  prevented. 

2nd.  By  employing  the  apparatus  I  have  described,  the  accuracy  of 
a  gas  measurement  over  mercury  is  secured,  whereas  in  similar  pro- 
cesses, the  nitrogen  has  always  been  hitherto  measured  over  water. 

3rd.  It  is  applicable  to  the  analysis  of  almost  all  nitrogenous  com- 
pounds, whether  rich  or  poor  in  cai'bon  or  in  nitrogen,  and  quite 
independently  of  the  state  in  which  the  latter  element  may  exist, 
whether  as  ammonia,  amidogen,  or  in  combination  with  oxygen. 

4th.  The  process  is  very  easy  of  execution,  requires  but  a  few 
hours  for  its  completion,  and  contains  within  it  remarkably  few 
sources  of  inaccuracy. 

I  shall  now  give  the  results  of  the  analyses  that  were  made  for 
the  purpose  of  testing  its  accuracy. 
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NARCOTINE. 

Quantity  taken  0-5756  grm. 

Obsei-\'erl  Temp.  Height  of  mercurv'                  Corrected  vol.  at  0"  C. 

vol.           C.  above  that  in  trough.  Barom.  aiul  7fiO'""'  pressure. 
Vol.  of  nitrogen 

(moist).     .     .      71-67  21-0  211-2-""'             754-2'"">             44-97    = 

15"793  cub.  cents,  which  weigh    01989  gi-m.    =   3'45    per  cent 
nitrogen. 

Regnault. 


Per  cent. 

^"^•^ 

^— ^-^ 

Theory. 

Liebig. 

1. 

2. 

Hofmanii. 

C46 

04-61 

04-09 

64-01 

64-50 

64-53 

H05 

5-85 

5-50 

5-96 

5-97 

6-21 

N 

3-31 

2-51 

3-40 

3-52 

3-30 

0,4 

26-23 

26-57 

20-01 

25-96 

100-00 


MORPHIA. 

Quantity  taken,  0-55G2  grm. 

Observed  Temp.  Height  of  mercury                 Corrected  vol.  at  0"  C. 

vol.  C.  above  that  in  troiigli.  Barom.  and  760"""  pressure. 
Vol.  of  nitrogen 

(moist)      .     .        94-1  23-2  IRO-?"^^"'            744-3™"             01-32   = 

21*535  cub.  cents,  which  weigh  0027134   =   4*88  per  cent  nitrogen. 

Reernault. 


Per  cent. 

,--^-1^ 

•■^-^~--, 

Tiicory. 

Liebig. 

1. 

2. 

Will. 

Dumas, 

^34 

71-57 

72-34 

72-87 

72-41 

72-50 

72-02 

^19 

0-00 

0  306 

6-80 

6-84 

— 

7  06 

N 

4-91 

4-995 

5-01 

5-01 

6-72 

5-53 

Oc 

16-80 

10-299 

15-20 

15-74 

— 

14-84 

100-00 
The  formula  C3-  Il2(,  NOg  gives  4*80  per  cent  nitrogeji. 

CODEINE. 

(iuiuitity  taken,  0"5517grm. 

Observed  Temp.  Height  of  mercury  Corrected  vol.  a(  0"  C. 

vol.            C.  al)()vc  that  in  trough.  Barom.  ami  700"""  pressure. 
Vol.  of  nitrogen 

(moist)     .     .       88-01  20-7  107-3"'"'           745-0"""              56-88  = 

19-970  cub.  cents,  which  weigh  0-025 17    =   4-0O  per  cent  nitrogen. 
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Regnault. 


Per  cfint. 

^— — 

^^-i— 

Theory. 

1. 

2. 

Gerharilt 

'^30 

72-24 

74-32 

73-94 

7330 

H.31 

7-02 

7-19 

7-23 

7-19 

N 

4  07 

4-89 

4-86 

4-89 

o« 

16-07 

13-60 

13-94 

14-02 

100-00 

This  formula,  which  is  Gerhardt's,  has  been  recently  confirmed 
by  Dr.  Anderson.* 

NICOTINE. 

In  order  to  secure  its  being  perfectly  anhydrous,  I  heated  it  in 
an  oil-bath  to  140°  C.  and  maintained  it  at  this  temperature  for 
upwards  of  an  hour,  a  stream  of  dry  hydrogen  gas  being  passed 
through  it  at  the  same  time. 

A  slight  modification  of  the  process  becomes  necessary,  in  order 
to  adapt  it  to  the  analysis  of  fluids.  The  manganese  is  introduced 
into  the  combustion-tube,  and  then  an  asbestos  plug  as  usual.  A 
second  plug  is  now  placed  at  a  distance  of  about  3  inches  from  the  first, 
an  empty  space  being  left  between  them.  A  glass  bulb  is  now  made 
with  a  long  neck  and  a  hair-bore,  and  weighed.  With  the  exception 
of  the  neck,  it  is  completely  filled  with  the  fluid  intended  for  analysis, 
sealed,  and  weighed  again.  A  little  oxide  of  copper  is  next  intro- 
duced into  the  tube,  then  the  bulb  with  the  point  broken  off,  and 
finally  more  oxide,  till  the  neck  is  half  covered.  A  mixture  is  now 
made  of  15  parts  of  oxide  of  copper  and  10  parts  of  oxide  of  mercury. 
Of  this  a  quantity  is  weighed  out,  sufficient  to  furnish  8  grms.  for 
every  decigramme  of  fluid  employed  in  the  analysis,  and  transferred 
to  the  tube,  of  which  it  should  occupy  8  or  10  inches.  Some 
unmixed  oxide  of  copper  is  next  added,  sufficient  to  form  a  stratum 
of  3  inches  in  length,  and  the  remainder  of  the  tube  is  filled  as 
before.  It  is  now  arranged  on  the  furnace,  and  the  manganese 
is  heated  as  usual,  the  bulb  being  kept  quite  cold  during  the  passage 
of  the  gas.  The  metallic  copper  and  oxide  are  next  heated,  and  the 
fire  is  extended  to  the  mixture,  a  small  quantity  of  which  is  heated,  a 
red-hot  coal  being  at  the  same  time  brought  near  the  bulb.  The 
fire  is  gradually  extended  back  to  the  bulb,  which  should  be  heated 
so  as  to  produce  a  slow  but  constant  evolution  of  gas.  The  remainder 
of  the  process  is  conducted  as  before. 

*  Cham.  Soc.  Qu.  J.  Ill,  112. 
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When   a  very  volatile  fluid  is  to  be  analyzed,   it  is   advisable  to 
employ  a  retort  to  contain  the  manganese. 
Quantity  taken,  0*33 12  grm. 

Obsen'ed  Temp.  Height  of  mercury                    Corrected  vol.  at  0°  C. 

vol.          C.  above  that  in  trough.   Barom.     and  760°""  pressure. 
Vol.  of  nitrogen 

(moist)    ,     .     170-51  19-7  112'0'°'"              744-9"""          128-38  = 

45*087  cub.  cents,  which  weigh  0056809  =  17"15  per  cent  nitrogen. 


Per  cent.   Theory. 

Barral. 

Melsens. 

^10 

73-17 

73-33 

74-3 

Hs 

9-76 

9-42 

8-8 

N 

17-07 

1704 

17-3 

100-00 
The  formula  Cjf,  H^N  gives  17'28  per  cent  nitrogen. 

NITRATE    OF    POTASH. 

In  this  analysis  I  employed  a  shorter  combustion-tube  and  less 
manganese.  0*5033  grm.  of  the  nitrate,  which  had  been  previously 
rendered  anhydrous,  was  weighed  out,  and,  in  order  to  secure  com- 
plete decomposition,  mixed  in  a  mortar  with  1^  giins.  of  perfectly 
dry  bisulphate  of  potash.  12  grms.  of  a  mixture  of  equal  parts  of 
oxide  of  copper  and  oxide  of  mercury  were  now  added,  and  the  whole 
well  rubbed  up  together.  This  was  transferred  to  the  tube,  and  the 
remainder  of  the  analysis  conducted  as  before. 

Observed  Temp.     Height  of  mercury  Corrected  vol.  at  0°  C. 

vol.  C.      above  that  in  trough.  Barom.     and  760"""'  pressure. 

Vol.  of  nitrogen 

(moist)     .     .     200-17  22-3  84-6™'»  743-2"'"'  154-89   = 

54-397  cub.  cents,  which  weigh  00685402  grm.   =   13-62  per  cent 

Theory  =   13-83       „ 

CHLORIDE    OF    AMMONIUM. 

In  this  analysis  also  a  shorter  tube  and  less  manganese  were 
employed. 

Quantity  taken,  0-3101  grm. 

Observed    Temp.      Height  of  mercury  Corrected  vol.  at  0"  C. 

vol.  C.       above  that  in  trough.    Barom.     and  760"'™  pressure. 

Vol.  of  nitrogen 

(moist)     .     .     228-37      22-7  56-5"""  744-8"'"'  184-51    = 

64-799  cub.  cents,  which  weigh  0-8164  grm.   =   2632  per  cent 

Theory  =  2621       „ 
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These  analyses  leave  little  more  to  be  desired.  I  believe,  however, 
that  by  a  very  slight  modification  of  the  process,  resvilts  almost 
absolutely  accurate  might  be  obtained.  Instead  of  being  sealed  at 
one  end,  the  combustion-tube  is  drawn  out,  and  made  so  fine  at 
A    (Fig.    10)    as    to    be    readily    fused    with   a    mouth    blowpipe. 

FIG.    10. 


This  end  is  connected,  by  means  of  a  cautchouc  joint,  with  a  small 
retort  containing  chlorate  of  potash,  and  the  tube  is  filled  exactly 
as  before.  It  is  now  drawn  out  in  front  also,  and  a  narrow  delivery- 
tube,  30  inches  in  length,  attached  to  it.  It  is  then  placed  on  a 
furnace,  the  end  of  the  delivery-tube  plunged  beneath  the  surface 
of  mercury,  and  the  chlorate  heated,  by  means  of  a  lamp,  for  a 
quarter  of  an  hour.  At  the  expiration  of  this  time,  the  lamp  is 
removed,  a  small  quantity  of  the  metallic  copper  in  the  fore-part 
of  the  tube  is  heated,  and  the  heat  continued  tdl  the  height  of  the 
mercury  in  the  delivery-tube  nearly  corresponds  with  that  of  the 
barometer.  A  high  temperature  is  by  no  means  necessary  to  enable 
copper  to  absorb  the  oxygen,  and  it  should  be  avoided.  As  soon  as 
the  mercury  has  ceased  to  rise  in  the  delivery-tube,  the  coals  are 
removed  from  the  copper,  and  when  it  is  nearly  cold,  the  chlorate  is 
once  more  heated  for  a  quarter  of  an  hour,  and  afterwards  a  fresh 
quantity  of  the  metallic  copper  as  before.  When  the  mercury  has 
risen  a  second  time  to  the  height  of  the  barometer,  the  combustion- 
tube  is  sealed  at  A,  and  the  retort  is  removed.  The  manganese  is 
now  heated,  and  the  rest  of  the  analysis  conducted  exactly  as  before, 
with  this  exception,  that  the  potash  solution  must  be  saturated  with 
nitrogen  or  air  previous  to  its  introduction  into  the  gas-apparatus. 

This  modification  I  have  not  had  time  to  test  by  experiment ; 
but  hope  shortly  to  be  able  to  do  so.  I  believe  it  might  be  also 
applied  with  good  effect  to  ths  Comparative  Method. 

This  investigation  was  conducted  in  the  laboratory  of  Professor 
Bun  sen,  in  Heidelberg.  Before  concluding,  I  cannot  deny  myself 
the  pleasure  of  expressing  my  gratitude  to  him  for  his  great  personal 
kindness  and  valuable  advice  during  the  progress  of  the  research. 
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XXIII. —  On  Ethers  intermediate  between  the  (Enanthylic  and  the 
Methylic,  Ethylic,  and  Amylic  Series,  and  on  the  constitution  of 
Castor-oil  Alcohol. 

By  a.  W.  Wills, 

OF    UNIVERSITY    COLLEGE,    LONDON. 

Dr.  Williamson*  has  shown  that  alcohols  may  be  regarded  as  water 

TT 

jjOj  in  which  1  atom  of  hydrogen  is  replaced  by  an  organic  radical, 
methyl,  ethyl,  &c.,  and  ethers  as  water  in  which  both  atoms  of  hydro- 
gen  are  thus  replaced;    e.g.,  vinic  alcohol  =    '^xr^Ojt  vinic  ether 


.C2H5 

CoHk 


I  0.      Moreover,  he  has  shown  that  by  acting  on  potassium- 

"C  H 

alcohol     2^3  Q  ijy.  ^jjg  iodides  of  methyl,   amyl,  &c.,  intermediate 

ethers    may   be   formed,    containing    different   radicals ;    thus,   with 
potassium-alcohol  and  iodide  of  methyl : 

^2^5  0  +  C  H3 1  =  K  1  +  q2  }]^  0. 

The  object  of  the  following  experiments  is  to  show  that  similar 
intermediate  ethers  may  be  formed,  containing  the  radical  (Enanthyl, 
Cy  Hjg,  together  with  methyl,  ethyl,  &c. 

CASTOR-OIL    ALCOHOL. 

Previously  to  forming  these  ethers,  some  time  was  occupied  in 
experiments  upon  the  constitution  of  castor-oil  alcohol,  this  substance 
possessing  considerable  interest,  from  its  important  position  in  the 
scries  to  which  it  belongs,  viz.,  probably  between  the  caproic  and 
caprylic  alcohols.  It  was  discovered  by  M.  Bonis,  who  believed 
it  to  be  caprylic  alcohol  Cg  Hjg  0,  and  explained  its  formation,  in 
the  distillation  of  castor-oil  with  potash,  by  the  following  equation  4 

*  Phil.  Mag.  [3J  XXXVII.'GO;  Chem.  Soc.  Qu.  J.  IV,  lOG. 

t  The  atomic  wciglits  used  in  this  paper  arc  tliose  of  Gerhardt,  viz.  11  =  1 ;  0  =  10  ; 
S  =  32;  C  =  12;  Cl=355;  1  =  120;  'K  =  39;  Na  =  23,  &c.  (F.V/.  Gnielin's  Hand- 
book, Translation,  VII,  17.) 

+  Compt.  rend.  XXXIII,  IH  ;  Chem   Soc.  Qu.  .1.  IV,  302. 
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Ci8H3,03H-2(jjO)  =  ^>o|^;''^^  +  C,H,304  2H. 

Sc])ate  of  Capo'lic 

potash.  alcolioL 

It  was  subsequently  announced  that  M.  Bouis  had^  upon  farther 
investigation,  come  to  the  conclusion  that  the  substance  in  question 
was  not  caprylic  but  oenanthylic  alcohol,  C^  IljgO.* 

The  alcohol  used  in  my  experiments  was  prepared  by  saponifying 
pure  castor-oil  by  solution  of  potash  ;  separating  the  soap  by  addition 
of  common  salt ;  fusing  the  hard  mass  with  about  |  of  its  weight  of 
solid  hydrate  of  potash  till  a  distinct  smell  of  the  alcohol  was 
perceptible,  in  order  to  expel  water  ;  and,  finally,  distilling  the  mixture 
in  charges  of  5  or  6  lbs.  in  a  copper  retort. 

At  each  distillation,  about  ^  pint  of  turbid  wateiy  liquid  came  off, 
smelling  of  the  alcohol,  and  then  9  or  10  oz.  of  the  crude  alcohol 
itself;  care  being  taken  to  avoid  the  formation  of  empyreumatic  pro- 
ducts from  decomposition  of  the  sebate  of  potash  at  the  end  of  the 
operation. 

The  crude  oily  product  was  then  redistilled  fractionally,  and  the 
parts  having  different  boiling-points  separated  by  a  thermometer. 

At  the  end  of  the  operation,  there  remained  in  the  retort  a  small 
quantity  of  yellow  oily  liquid,  not  volatile  without  decomposition, 
becoming  solid  on  cooling,  and  perfectly  neutral  to  test-paper. 

The  larger  part  of  the  alcohol  was  thus  brought  to  the  constant 
boiling-point  of  178°  C. ;  and  in  three  several  preparations  of  the 
substance,  the  same  point  was  obtained ;  nor  could  any  large  portion 
be  reduced  below  this  point  by  repeated  fractional  distillation,  a 
comparatively  small  quantity  only  coming  over  at  points  between 
172°  and  178°  and  above  the  latter  degree. 

Thus  formed,  castor-oil  alcohol  is  a  colourless,  oily  liquid,  burning 
with  a  clear  bright  flame,  of  peculiar  odour;  boiling  at  178°;  of 
spec.  grav.  0'792  at  16°-5  C. ;  insoluble  in  water,  soluble  in  alcohol 
and  ether. 

The  mean  of  several  combustions  closely  agreeing,  gave  per  cent : 

C  72-787 
H  13-669 
0  13-544 

Theory  requires  for  the  formula  of  oenanthylic  alcohol,  per  cent : 
*  Instit.  1853,  257. 
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C     72'41     giving  errors  of  +  0-37 
H     13-79  „         „         -0-12 

0     ]3-80  „         „         -0-24 

while  the  numbers  required  for  the  formula  of  caprylic  alcohol  are 
per  cent  : 

C  73-84 
H  13-84 
0   12-32 

The  above  results  appeared,  therefore,  to  confirm  the  fact  that 
the  castor-oil  alcohol  so  obtained  was  osuanthylic,  not  caprylic 
alcohol. 

Its  calculated  boiling-point,  taking  the  difference  for  each  variation 
in  composition  by  CH2  as  19°-5  C.  would  be  175°-9,  while  that 
of  caprylic  alcohol  would  be  195°-4,  the  boiling-point  of  vinic  alcohol 
being  78°-4. 

As  analyses  and  vapour-densities  had  been  obtained  by  Mr.  Rail  ton, 
from  alcohol  prepared  in  an  exactly  similar  manner  to  that  which  I 
have  described  and  from  the  same  samples  of  castor-oil,  closely  agree- 
ing with  the  results  required  by  theory  for  CEnanthylic  alcohol,*  I  did 
not  pursue  the  subject  further,  but  proceeded  to  form  the  ethers 
which  I  shall  describe. 

The  fact  that  they  were  obtained,  is  in  itself  sufficient  proof  that 
the  substance  employed  in  their  formation  was  the  14-carbon 
alcohol. 

Since  these  experiments  were  made,  Moschnin  has  obtained  dif- 
ferent results,  tending  to  prove  that  the  castor- oil  alcohol  is  in  reality 
caprylic,  this  view  being  supported  by  combustions  and  atomic 
weights  of  the  baryta-salt  of  the  conjugate  sulphuric  acid.t 

I  regret  that  I  have  not  as  yet  had  the  opportunity  of  seeking  all 
the  confirmation  I  could  desire  of  the  above  results.  Combustions 
have  been  made,  however,  of  several  portions  of  liquid,  prepared  as 
above,  and  of  various  boiling-points. 

A  part  having  the  fixed  boiling-point  173^  to  174^0.,  gave  the 
following  percentage  : 

C  71-83 
II  12-37 
O    15-83 

*  Clicm.  Soc.  Qu.  J.  VI,  205. 

t  Ann.  Ch.  IMiarui.  LXXXVU,  111  ;  Chcui.  Gaz.  Nov.  IT),  1SJ3. 


310  Mil.    A.    W.    WILLS    ON 

Theoiy  requires  for  C^  Hjg  0  : 

Errors 
72-41  -0-58 

13-79  -1-43 

13-80  '  +2-04 

A  portion  boiling  at  175°  to  175°-5  gave  : 

C     72*16     showing  errors  of     —0-25 
H    13-42  „  „  -0-37 

O     14-42  „  „  +0-63 

From  these  figures  it  might  be  expected  that  the  boiling-point 
of  the  pui-e  substance  would  lie  between  175°  and  178°,  while  it 
is  somewhat  remarkable  that  a  very  small  portion  was  obtained 
between  these  points. 

Most  of  the  analyses  were  performed  immediately  after  the  distil- 
lation of  the  liquids,  but  no  such  change  occurred  by  standing  as 
that  mentioned  by  Moschnin.  All  the  combustions  were  made 
with  oxide  of  copper  and  a  stream  of  oxygen  gas. 

An  attempt  was  made  to  form  the  pm-e  baryta-salt  of  the  corre- 
sponding acid,  by  acting  upon  the  alcohol  with  equivalent  quantities  of 
bichromate  of  potash  and  sulphuric  acid,  distilling  oflf  nearly  to  dryness, 
neutralizing  by  hydrate  of  baryta,  again  distilling  to  remove  alcohol, 
and  ciystallizing  after  removal  of  excess  of  baryta  by  carbonic  acid 
and  subsequent  boiling.  The  pearly  crystalline  scales  obtained  after 
slight  evaporation  were  removed,  pressed  between  folds  of  blotting- 
paper  and  dried  in  vacuo.  By  further  evaporation,  a  second  crystalli- 
zation was  obtained,  and  in  a  similar  manner  four  crops  were 
produced. 

The  determination  of  the  atomic  weights  of  the  first  two  and  the 
last,  proved  that  the  acidified  portions  had  taken  up  too  much  oxygen 
and  had  been  partially  converted  into  acids  lower  in  the  series  than 
the  one  sought ;  as  indeed  would  appear  to  be  necessarily  the  case, 
from  the  fact  of  a  considerable  portion  of  alcohol  remaining  un- 
oxidized,  although  all  the  chromate  of  potash  appeared  to  have  been 
reduced. 

The  percentages  of  baryta  were  : 

1st  salt.  2nd  ditto.  4th  ditto. 

39-57  41-03  4295 

(Enanthylate  of  baryta  contains  per  cent  38-76  ;  caproate  of  baryta, 
the  next  term  in  the  series,  41-71.     It  seems  doubtful  how  far  this 
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method  of  oxidation  is  adapted  to  the  production  of  pure  acids, 
although  capable  of  effecting  the  acidification  of  large  quantities  of 
alcohols  very  readily. 

Vapour-densities  of  the  alcohol  were  also  determined,  but  were 
uniformly  found  considerably  higher  than  is  required  by  theory,  the 
mean  of  several  experiments  being  4*57. 

This  result  would  lead  to  the  same  conclusion  as  that  of  the  com- 
bustions (in  which  there  was  a  slight  excess  of  carbon  and  deficiency 
of  hydrogen),  viz.  :  that  the  alcohol  was  contaminated  with  some  sub- 
stance more  highly  oxidized,  probably  formed  by  the  decomposition 
of  the  scbate  of  potash  ;  and  this  supposition  is  confirmed  by  the 
fact,  that  in  forming  one  of  the  ethers,  a  body  was  eliminated,  of 
higher  and  more  uncertain  boiling-point,  and  containing  also  a  higher 
percentage  of  carbon ;  in  fact,  of  such  a  constitution  as  might  arise 
from  the  treatment  of  such  a  body  as  the  one  alluded  to. 

An  attempt  was  also  made  to  form  iodide  of  oenanthyl,  by  the 
alternate  action  of  iodine  and  phosphorus  upon  the  alcohol,  until 
solid  iodide  of  phosphorus  was  deposited.  The  dark  liquid  produced 
was  heavier  than  water,  and  when  washed  and  distilled  from  lime 
and  mercury,  began  to  boil  at  126°  C,  from  which  it  rose  quickly  to 
191°  or  192°,  at  which  point  the  greater  part  came  over.  The 
distillate  was  colourless  while  hot,  but  became  dark  upon  cooling, 
lledistilled  from  chloride  of  calcium,  it  came  over  as  before,  mostly 
at  191°  to  192°. 

Another  portion,  similarly  prepared,  was  washed  with  dilute  car- 
bonate of  soda,  then  boiled  with  solution  of  potash  to  decompose 
hydriodic  acid,  &c.,  and  distilled  off  chloride  of  calcium.  The  dis- 
tillate was  decolourized  by  a  very  small  fragment  of  phosphorus, 
again  washed  with  potash  and  placed  over  sulphuric  acid  to  dry.  It 
had  a  somewhat  higher  boiling-point  than  the  former  portions,  viz. 
about  196°. 

Taking  the  boiling-point  of  iodide  of  ethyl  as  73°  C,  and  that  of 
iodide  of  amyl  as  146°,  the  calculated  point  of  iodide  of  ccnanthyl 
would  be  l91.°-o. 

Although  no  difference  has  hitherto  been  recognized  between  sam- 
ples of  castor-oil  from  different  sources,  it  seems  probable  either  that 
such  a  difference  really  exists,  and  hence  that  the  products  obtained 
by  its  treatment  may  by  characterized  by  a  corrcs])onding  variation, 
or  that,  according  to  the  nuuuier  of  operation,  especially  in  regard  to 
the  quantity  of  alkali  used  in  saponification  and  distillation,  some- 
times one  alcohol,  sometimes  the  other,  or  possibly  a  mixture  of  the 
two  may  be  obtained,  together  with  occasional  })roducts  of  a  dificrcnt 
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constitution.  And  it  may  here  be  observed,  that  both  Bonis  and 
Moschnin  employed  a  process  somewhat  different  from  that  described 
in  this  paper^  inasmuch  as  they  heated  the  oil  directly  with  potash, 
without  previous  saponification. 

It  is  difficult  to  avoid  this  conclusion  when  we  observe  that 
M.  Bonis  himself  arrived,  in  a  first  examination,  at  the  formula  for 
the  higher,  and  in  a  second  at  that  for  the  lower  alcohol,  and  when  a 
like  discrepancy  is  seen  in  the  results  of  other  experimenters. 

Nine-carbon  ether;  Ethyl-(enanthyl  ether,  p^tt^   0. 
It  was  first   attempted  to  form  this  ether  by  acting  on  sodium- 

P      XJ 

oenanthyl  alcohol    7     n  Q,  by  iodide  of  ethyl,  as  long  as  any  action 

ensued,  and  removing  the  last  traces  of  alcohol  by  sodium ;  but  it 
M'^as  found  that  the  decompositions  which  occurred  were  indefinite ; 
the  continued  action  of  sodium  being,  in  fact,  shown  by  analysis 
to  deoxidize  the  alcohol  or  ether,  and  to  give  rise  to  substances  con- 
taining a  smaller  percentage  of  oxygen  than  either  of  the  former,  as 
is  evident  from  the  following  figures. 


1. 

2. 

Mean. 

Theory  requires 
for  CgHoflO. 

C  74-44 

74-37 

74-40 

76-81 

76-65 

75-00 

H  13-66 

13-34 

13-50 

14-70 

16-42 

13-88 

0  11-89 

12-28 

1209 

8-48 

6-92 

12-11 

A.  being  figures  obtained  by  analysis  of  a  portion  of  liquid  obtained 
as  above,  of  boiling-point  175°  to  176°  C. 

B.  by  that  of  the  same  liquid  after  long  action  of  potassium 
upon  it. 

C.  by  the  combustion  of  a  similar  portion  after  more  prolonged 
action. 

It  was  thought  possible,  that  by  very  long  action,  the  hydrocarbon 
Cy  Hj^,  or  the  intermediate  hydrocarbon  Cg  Hjg,  might  be  produced  ; 
but  after  some  hours,  the  action  became  sluggish,  and  would  pro- 
bably have  ceased  entirely  before  the  desired  effect  was  nearly  pro- 
duced. 

The  action  by  indefinite  quantities  of  the  several  materials,  failing 
therefore  to  })roduce  the  required  body  in  a  state  of  exact  purity,  the 
experiment   was  repeated  with   equivalent   quantities  of   oenanthylic 
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alcoholj  sodium,  and  iodide  of  ethyl.  The  latter  was  prepared  in 
the  ordinary  way,  by  the  action  of  phosphorus  and  iodine  on  absolute 
alcohol,  and  had  a  boiling-point  of  73°  C.  Half  the  alcohol  was  first 
acted  upon  by  half  the  sodium,  and  then  half  the  iodide  added  and 
slight  heat  applied.  Much  iodide  of  sodium  was  deposited,  and  the 
smell  of  the  iodide  ceased.  More  sodium  and  iodide  were  then 
added,  in  small  portions  at  a  time,  the  former  acting  with  difficulty, 
but  the  action  being  renewed  upon  removal  of  the  sodium  and 
addition  of  a  little  more  iodide.  When  the  latter  was  accidentally 
added  in  excess,  small  quantities  of  fresh  material  were  taken,  also 
in  equivalent  weights,  and  the  sodium-alcohol  they  supplied  was  added 
in  excess  to  the  mixture  previously  containing  excess  of  iodide  of 
ethyl. 

The  action  being  completed,  the  liquid  was  distilled  off  from  the 
residue  of  iodide  of  sodium,  without  using  potassium  to  remove  traces 
of  alcohol,  and  introduced  into  a  small  retort,  from  which  it  was 
distilled  fractionally  with  a  thermometer. 

It  began  to  boil  at  137°  or  138°  C,  and  rose  quickly  to  177°, 
at  which  point  the  larger  part  came  over,  a  small  portion  only  passing 
above  this  point. 

The  liquid  so  obtained  was  colourless  and  mobile,  having  the 
peculiar  generic  smell  of  all  oenanthyl  compounds,  although  distinct 
from  that  of  the  alcohol ;  it  burns  with  a  clear  luminous  flame,  is 
insoluble  in  water,  soluble  in  ether  and  alcohol ;  boils  at  177°  C, 
and  its  spec.  grav.  is  0*791  at  16°. 

The  close  correspondence  of  this  body  with  the  alcohol  in  boiling- 
point  and  specific  gravity,  suggested  the  possibility  of  the  following 
transformation  having  taken  place,  although  there  were  no  signs  of 
its  occurring,  such  as  evolution  of  olefiant  gas : 

^^JJi^o  +  aHJ^NaUC^HieO  +  C^H,, 

the  ether  Cj,  Hjo  0  being  in  fact  resolved  into  the  alcohol  and 
olefiant  gas;  but  combustions  proved  it  to  be  really  the  ether. 

0-2279  grm.  of  hquid  gave  HO  =  0-29G8  and  CO.  =  0-6281,  cor- 
responding to : 

Per  cent.  Theory  requites  for  formula 

CgH,,„0. 

C     75-16  7500 

II    lill.  13-88 

O     10-38  11-11 
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In  taking  the  specific  gravity  of  the  vapour  of  this  substance,  and 
in  all  similar  experiments,  the  globes  were  filled  with  dry  hydrogen 
previously  to  introduction  into  the  oil-bath,  in  the  manner  described 
by  Mr.  Railton,*  in  order  to  prevent  the  blackening  and  oxidation  of 
the  substance,  which  otherwise  takes  place  at  the  high  temperature 
necessarily  employed  in  the  experiment. 

The  following  results  were  obtained  : 

Weight  of  globe  full  of  dry  air  at  21°  C.  and  bar. 

29-72  in 76-5009  grras. 

Globe  sealed  at  242°  C.  and  bar.  29-73  in.      . 
Globe  with  condensed   vapour  at   20°  C.  and  bar. 

29-73  in 77-2740  „ 

Capacity  of  globe  ......     22-1  cub.  in. 

Residual  hydrogen  at  21°  C.  and  bar  29-73  in.        .       0-2       „ 

These  figures  give  as  the  spec.  grav.  5-095 ;  calculation  gives 
4-998  ;  error,  -097. 

Eight-carbon  ether;  Methyl-cenanthyl  ether,  ^  tj^  q_ 

This  ether  was  prepared  in  a  manner  strictly  analogous  to  that 
employed  in  forming  the  9-carbon  ether.  The  iodide  of  methyl  used 
had  the  boiling-point  43°  C. 

After  each  addition  of  iodide,  the  liquid  was  distilled  off  in  an 
oil-bath  from  the  iodide  of  sodium  deposited,  and  then  the  whole 
fractionally  distilled. 

A  small  portion  came  off  below  154°  C,  smelling  of  iodide  of 
methyl;  the  boiling-point  then  rose  steadily  to  161°-5,  between 
which  point  and  162°-5,  most  came  over ;  thence  to  164° — -166°. 

The  part  boiling  at  161°-5  to  162°-5  was  redistilled  over  a  spirit- 
lamp,  and  came  over  almost  entirely  at  161° — 162°  ;  a  little  at  162° 
—163°. 

The  small  portion  coming  over  first  at  162°  to  164°  also  yielded 
a  portion  at  161° — 162°,  most  remaining  at  the  same  points  as 
before. 

The  entire  portion  boiling  at  161° — 162°  was  now  distilled  upwards 
with  a  small  fragment  of  sodium,  in  order  to  destroy  the  last  traces 
of  alcohol.  A  slight  action  ensued  upon  the  application  of  a  gentle 
heat ;  and  when  this  had  ceased,  the  liquid  was  distilled  off  at 
160°-5 — 161°,  except  a  few  drops  only  above  that  point. 

*  Chem.  Soc.  Qu.  J.  VI,  205. 
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It  is  a  colourless,  mobile  body,  of  strong  smell,  insoluble  in  water, 
soluble  in  alcohol  and  ether;  of  boiling-point  160°*5 — 161°,  and 
of  spec.  grav.  0-830  at  16°-5. 

For  some  reason,  I  found  unusual  difficulty  in  burning  this  body, 
even  with  a  stream  of  oxygen,  a  difficulty  the  cause  of  which  is  not 
apparent  from  the  constitution  of  the  substance. 

The  following  were  the  results  of  analyses  : 

I.  01890  grm.  ether  gave  CO2  0-5078  and  HO  0-2423 

II.  0-1534    „  „      „       „     0-4118         „      0-1924 

III.  0-1098    „         „      „       „     0-2949        „      0-1427 

Corresponding  to  per  cent : 


I. 

II. 

III. 

Mean  [omitting  (H,  iii)]. 

c 

73-280 

73-213 

73-251 

73-248 

H 

14-243 

13-930 

(14-422) 

14086 

0 

12-477 

12-857 

12-327 

12-666 

It  appears  from  these  figures,  that  the  substance  obtained  was  the 
ether  sought,  but  not  in  a  state  of  complete  purity,  for  theory  requires 
for  the  formula  Cg  H^g  0,  per  cent : 

C  73-846 
H  13-846 
0   12-308 

A  portion  of  the  liquid  obtained  in  the  above  process,  of  boiling- 
point  162° — 164°,  was  also  analyzed  and  gave  per  cent : 

C  74-72 
H  13-68 
O      11-48 

It  was  to  this  substance  that  allusion  was  made,  as  perhaps  afford- 
ing sonic  clue  to  the  nature  of  the  impurities  contaminating  the 
alcohol. 

It  appears,  therefore,  that  the  portion  obtained  with  the  constant 
boiling-point  of  160°-5 — 161°  C.  is  the  one  most  nearly  api)roach- 
ing  to  purity ;  and  the  fact  is  confirmed  by  the  vapour-densities 
obtained,  which  arc  all  somewhat  below  that  required  by  theory. 

The  following  were  the  results,  the  globes  being  scaled  respectively 
at  217°-5  and  223°  C. 


31G  MR.    A.    WILLS    ON 

Boiling-point  of  liquid,  lG0»-5—16rC. 
I.  II.  Mean. 

4-23  418  4-20 

Theory  requires  4*48,  and  the  error  occurs  on  the  same  side  as  that 
in  the  combustions,  viz.,  as  I'esulting  from  a  lower  percentage  of 
carbon  than  that  corresponding  to  the  theoretical  composition.'^ 

There  is  no  doubt,  however,  that  the  substance  is  the  intermediate 

C    H 
ether  ^   ^j^  O,  in  a  state  approaching  purity. 

C  H 
Twelve-carbon  ether;  Amyl-genanthyl  ether,  f^^  tt^^  0. 

7         15 

In  forming  this  ether,  equivalent  quantities  of  oenanthylic  alcohol, 
iodide  of  amyl,  of  boiling-point  146°  C,  and  of  sodium,  were  taken, 
and  a  process  employed  analogous  to  that  used  in  forming  the  8- 
and  9-earbon  ethers. 

Much  iodide  of  sodium  was  deposited,  but  the  liquid,  when  re- 
distilled, gave  no  large  portion  with  a  fixed  boiling-point ;  it  seemed 
most  constant  about  210°  C.  The  process  was  therefoi'e  repeated 
on  a  larger  scale ;  and  the  liquid  obtained,  when  fractionally  dis- 
tilled, began  to  boil  at  152°,  and  rose  gradually  to  177°,  between 
which  point  and  180°,  a  good  deal,  apparently  of  undecomposed 
alcohol,  came  over.  Thence  the  boiling-point  rose  to  2 19°  or  220°, 
and  remained  stationary  for  some  time  at  220°  to  221°;  the 
last  portions  then  rapidly  rose  to  230°  and  above. 

The  portion  boiling  at  220°  to  221°  C,  was  a  colourless,  mobile 
liquid,  of  strong  odour  and  burning  taste,  soluble  in  ether  and  alcohol, 
but  not  in  water;  burning  with  a  clear  bright  flame,  volatile  without 
decomposition,  and  of  spec,  grav.  0'608  at  20°  C. 

The  calculated  boiling-point  of  this  ether  (taking  that  of  CgH^gO 
as  161°,  and  that  of  Cg  H^^  0  as  177°)  would  be  225°. 

Combustions  gave  per  cent : 

C  7699 
H  13-78 
0        9-23 

*  Two  experiments  gave  as  the  density  of  tlie  vapour  of  the  portion  boiling  at  the 
Ifigher  point,  the  numbers  4-70  and  4*77,  the  globes  being  sealed  at  234"  and  214"  C. 
respectively. 
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Theory  requires.  Error. 

C      77-43  -0-42 

H     13-97  -019 

0       8-61  -I- 0-62 

This  result  is  connrmed  by  the  vapour- density,  which  was  found 
to  be  6-57,  while  calculation  gives  6'47. 

An  attempt  was  also  made  to  form  this  ether  by  the  mutual 
action  of  equivalent  quantities  of  amylic  and  oenanthylic  alcohols, 
together  with  enough  sulphuric  acid  to  convert  the  latter  into 
sulphoenanthylic  acid ;  but  it  was  not  attended  with  success,  the  appli- 
cation of  a  very  moderate  heat  producing  blackening  and  decom- 
position, and  no  etherification  occurring  at  the  temperature  which 
it  was  possible  to  apply  without  producing  this  effect. 

In  conclusion,  I  take  this  opportunity  of  expressing  my  obliga- 
tion to  Dr.  Williamson  for  his  advice  and  assistance  during  the 
progress  of  these  experiments. 
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November  7,   1853. 
Wauren  Delarue,  Esq.,  in  the  Chair. 

The  following  donations  were  announced  : 

"The  Quarterly  Journal  of  the  Geological  Society:"  from  the 
Geological  Society. 

"  The  Literary  Gazette"  for  July,  August,  September,  and  October  : 
from  the  Publishers. 

"  Bulletin  de  la  Societe  Vaudoise  des  Sciences  Naturelles,'^  No.  1 . 

The  following  communications  were  read  : 

"  On  the  Constitution  of  Salts  considered  as  Substitution-products 
formed  on  the  Type  of  Water,"  by  Dr.  Odling. 

"  On  New  Methods  for  the  determination  of  Nitrogen  in  organic 
and  inorganic  Compounds,"  by  Dr.  Maxwell  Simpson. 


November  21,   1853. 

Robert  Porrett,  Esq.,  Treasurer,  in  the  Chair. 

The  following  donations  were  announced : 

"  The  Transactions  and  Proceedings  of  the  Royal  Society  of  Edin- 
burgh, for  the  session  1852-3  :"  from  the  Society. 
"  The  Literary  Gazette." 
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''The  Journal  of  the  Society  of  Arts.'' 
"  The  Journal  of  the  Photographic  Society." 
«  The  Medical  Circular." 

"  Taylor's  Calendar  of  Scientific  Meetings  :"  from  the  Publishers. 
"  Hand-book  of  Chemistry/'  by  Messrs.  Abel  and  Bloxam  :  from 
the  Authors. 

G.  Downing  Living,   Esq.,  of  St.  John's  College,    Cambridge, 
was  duly  elected  a  Fellow  of  the  Society. 

A  Paper  was  read  : 

"  On  Ethers  intei-mediate  between  the  (Enanthylic  and  the  Ethylic, 
Methylic,  and  Amylic  series:"  by  A.  W.  Wills. 
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Colonel  Philip  Yorke,  President,  in  the  Chair. 

The  following  donations  were  announced  : 

"  Bulletin  de  la  Classe  Physico-mathematique  de  1' Academic  Im- 
periale  des  Sciences  de  St.  Petersbourg." 

"  The  Pharmaceutical  Journal,  for  December  :"  from  the  Editor. 

"  The  Literary  Gazette,"  3  numbers. 

"  The  Medical  Circulai-,"  2  numbers  :  from  the  Publishers. 

The  following  Papers  were  read  : 

"Analysis  of  the  Ash  of  Lemon-juice,"  by  Henry  M.  Witt. 

"On  the  Platino-tersulphocyanides  and  the  Platino-bisulpho- 
cyanides,  two  new  series  of  salts,  and  their  decompositions :"  by 
George  Bowdler  Buckton,  F.L.S. 


December   19,   1853. 

Colonel  Philip  Yorke,  President,  in  the  Chair. 

The  following  donations  were  announced : 
"  The  Literary  Gazette :"  from  the  Publishers. 
"  The  Journal  of  the  Society  of  Arts :"  from  the  Society. 
"The  American  Journal  of  Science  and  Arts,"  by  Professors  Silli- 
mann  and  Dana:  from  the  Editors. 
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"  List  of  Members  of  the  Royal  Institution  of  Great  Britain." 

"  Notices  of  Meetings  of  the  Royal  Institution :"  from  the  Royal 
Institution. 

"  Sitzungsberichte  der  Kaiserlichen  Akademie  der  Wissenschaften," 
Vienna.     Band  x,  Heft  4  &  5. 

"  Denkschriftcn  der  Kaiserlichen  Akademie  der  Wissenschaften." 
Fiinfter  Band.     Zweite  Lieferung. 

Ditto.     Vierter  Band.     Erste  Lieferung. 

Tafeln  zur  Abhandlung. 

"Beitrage  zur  Naturgeschichte  von  Chili/'  von  Freiherrn  v. 
Bibra. 

"  Proceedings  of  the  Royal  Society/'  from  the  Society. 

Bronze  Medal  of  Bcrzelius  :  from  Dr.  N.  P.  Hamberg,  of  Stock- 
holm. 

The  following  Papers  were  read  : 

"  Note  on  Platinum  accompanying  Silver  in  solution  in  Nitric 
Acid/'  by  Henry  How. 

"  Note  on  the  Valuation  of  Protochloride  of  Tin/'  by  Dr.  Penny. 

"On  the  so-called  Iodide  and  Chloride  of  Nitrogen/'  by  J.  H. 
Gladstone,  Ph.D.,  F.R.S. 
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Trans,  xiii,  176. 
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Apparatus  for  the  determination  of  carbonic  acid :  by  3Iax. 
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Citric. — Researches   on  the  fermentation  of  citric  acid:  by  J.  Personne. 
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Improvements  in  the  manufacture  of  citric  and  tartaric  acid 

(Price's  Patent).   Pharm.  J.  Trans,  xiii,  46. 
Formic. — On  the  presence  of  formic  acid  in  the  human  secretions  :  by 

D.  Campbell.     Chem.  Gaz.  1853,  310. 
Fumaric. — On  the  occurrence  of  fumaric  acid  in  Corydalis  bulbosa:    by 
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On  the  estimation  of  iron,  cyanogen,  hydrocyanic  acid,  and 

hydrosulphocyanic  acid  by  volume  analysis ;  and  on  the  quantitative 

determination  of  the  sulphocyanide  of  potassium  in  saliva  :  by  T.  J. 
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Gaz.  1853,  155. 
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M.  Maumene. 

On  the   manufacture   of  sulphuric    acid:    by    M.    Gaulier. 

Compt.  rend,  xxxvii,  177- 

Improvements  in  the  manufacture  of  sulphuric  acid  (Bell's 

Patent).    Pharm.  J   Trans,  xii,  451. 
Tannic. — On  the  preparation  of  the  tannic  acid  :  by  B.  Sandrock.     Chem. 

Gaz.  1853,  199;  Pharm.  J.  Trans,  xii,  597. 
Tartaric. — Transformation  of  the  two  tartaric  acids  into  racemic  acid. 

Discovery   of    inactive   tartaric    acid.      New    method    of    separating 

racemic   acid  into    dextro-   and   lasvo- tartaric   acid:    by   L.    Pasteur. 

Compt.  rend,  xxxvii,  162  ;  Chem.  Soc.  Qu.  J.  vi,  77- 
Uric. — Preparation  of  uric  acid :  by   A.   E.  Arppe.     Ann.  Ch.  Pharm. 

Ixxxvii,  237. 
Valerianic. — On  anhydrous  valerianic    acid :    by   L.   Cldozza.      Chem. 

Gaz.  1853,  52. 

On  the  cacod)'!  of  valerianic  acid :  by   W.  Gihbs.     Ann.  Ch. 

Pharm.  Ixxxvi,  222  ;  Chem.  Gaz.  1853,  125. 
Acids. — On  the  acids  contained  in  fungi ;  by  P.  Bolley.      Ann.  Ch.  Pharm. 

Ixxxvi,  44  ;  Chem.  Gaz.  1853,  291. 
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Acids. — On  tlie  compounds  of  glycerine  with  acids  :  hy  M.  Berthelot.    Compt. 
rend,  xxxvi,  27;  Chem.  Gaz.  1853,  121. 
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632  ;  Ann.  Ch.  Phys.  [3]  xxxix,  196  ;  Chem.  Soc.  Qu.  J.  vi,  184. 
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Organic.  —  On   certain  organic   acids:    by   L.   Chiozza.      Compt.   rend, 
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J.  Pharm.  [3]  xxiv,  94. 
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Action  exerted  by  acids  and  by  alkaline  and  earthy  chlorides  on  alcohol : 
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On  caproic  alcohol :  by  M.  Faget.     Compt.  rend,  xxxvii,  730. 
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On    some    new   basic   products  obtained  by  the   decomposition   of  the 
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On  the  analysis  of  alloys  of  copper  and  zinc  :  by  H.  Spirgatis.     J.  pr. 
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Note  on  a  new  alloy  of  silver  :  by  G.  Barruel.     Chem.  Gaz.  1853,  15. 


IN    BRITISH    AND    FOREIGN    JOURNALS.  327 
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29,  63,  112. 
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la  Soc.  industr.  de  Mulhouse,  xxiv,  375. 
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Gaz.  1853,  290. 
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On  the   sulphide  of  antimony:  by  F.  TFackenroder.     Arch.   Pharm.   [2] 

Ixxi,  207;  J.  Pharm    [3]  xxiii,  156. 
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Arctostaphylos. — Examination  of  the  leaves  of  Arctostuphylos  Ura   Ursi:    by 
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J.  Pharm.  [3]  xxiv,  274. 
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Organic  Bases. — Contributions  to  the  history  of  volatile  bases  :  by  A.  Planfa 
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On  the  resin  of  jalap:  by  W.  Mayer.     Chem.  Gaz.  1853,  21. 

Rhamnus. — On  rhamnoxanthene,  a  new  yellow  colouring -matter,  extracted 
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Mag.  [4]  V,  410,  495;  Ann.  Ch,  Pharm.  Ixxxvii,  344. 
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of  metals  with,  247. 

quantitative    determination  of,    in 

neutral  liquids  by  means  of  protoxide 
of  mercury,  7. 

Chromium,  oxide  of,  on  the  behaviour  of 
some  oxides  with  caustic  potash  in  the 
presence  of,  by  A.  B.  Northcote  and 
A.  H.  Church,  54. 

Church,  A.  11.,  and  A.  B.  Northcote, 
on  the  action  of  caustic  potash  on  the 
phosphates,  53. 

on  the  behaviour  of  some  ox- 
ides with  caustic  potash  in  the  pre- 
sence of  oxide  of  chromium,  54. 

Cinchonicine,  274. 

Cinchonidine  and  quinidine,  action  of 
heat  on,  276. 

Clarke,  C.  II.,  and  H.  Medlock,  analy- 
sis of  the  waters  from  the  deep  wells 
of  ^yestbourne  Park  and  Russell 
Square,  and  of  the  Artesian  well  of  the 
Hanwell  Lunatic  Asylum,  115. 

Codeine,  action  of  iodide  of  ethyl  upon, 
134. 

Copper,  heat  evolved  in  the  combination 
of  acids  with  oxide  of,  247. 

pyTomeconate  of,  80. 

siilphantimoniate  of,  and  zinc,  by 

Professor  Ett ling,  140. 

Crum,  Walter,  on  the  acetates  and 
other  com])ounds  of  alumina,  216. 

Cumo-l)eii7.o-sulphopbcnylamidc,  196. 

Cumo-salicylamide,  196. 

Cumyl,  183. 

Cumylopiperidine,  178. 


D. 

Decomposition,  licat  disengaged  in  cer- 
tain phenomena  of  cliemical,  and  in 
modifications  by  dimorpbisni,  238. 


Dihenzophenylamide,  196. 
Dibenzo-suljihophcnylamide,  196. 
Dibutyrin,  286. 
researches   on,   and    its    principal 

compounds,  by  C.  Marignac,  260. 
Didvmium  and  ammonium,  sulphate  of, 

270. 

and  potassium,  sulphate  of,  272. 

and  sodium,  sulphate  of,  3/1. 

arseniate  of,  267. 

carbonate  of,  267. 

chloride  of,  265. 

metallic,  262. 

nitrate  of,  266. 

oxalate  of,  272. 

peroxide  of,  264. 

phosphate  of,  266. 

protoxide  of,  262. 

sulpliate  of,  269. 

sulphide  of,  264. 

sulphite  of,  268. 

Dimorphism,  heat  disengaged  in  certain 

phenomena  of  chemical  decomposition, 

and  in  modifications  by,  238. 
Diolein,  285. 
Dipalmitin,  284. 
Distearin,  283. 
Divalerin,  285. 


E. 

Eight-carbon  ether,  314. 

Electric  current,  quantities  of  heat 
evolved  in  chemical  actions  produced 
by  the,  260. 

Electrolysis,  on  the  law  of,  by  II.  Buff, 
47. 

Ethers  and  alcohols,  heat  disengaged  in 
combustion  of,  236. 

compound,  heat  disengaged  in  com- 
bustion of,  237. 

on,     intermediate     between     the 

ccnanthylic  and  the  methylic,  cthylic, 
and  amylic  series,  by  A.  W.  Wills, 
307. 

Ethyl,  action  of  iodide  of,  upon  codeine, 
134. 

■  upon  morphia,  126. 

iodide    of,    action   of    tin    upon, 

58. 

Ethylocodeine,  action  of  iodide  of  ethvl 

on,  137. 
Ethyl-ffinanthyl  ether,  312. 
Ethylomeconate  of  baryta,  acid,  74. 

of  silver,  acid,  74. 

Ethvlopiperidinc,  179. 

1  hydrochlorate  of,  180. 

Ethyl-urea,  piperidic,  1/8. 
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Ettling,    note   on    sulphautinioniate   of 
copper  and  zinc,  140. 


P. 

Fats,  animal,  on  the  compounds  of  gly- 
cerine with  acids,  and  on  the  synthe- 
sis of  the  proximate  princii)les  of,  by 
M.  Berthelot,  280. 

Favre,  P.  A.,  and  J.  T.  Silbermann, 
researches  on  the  quantities  of  heat 
disengaged  in  chemical  and  molecular 
actions,  234. 

Ferguson,  W.,  on  the  increase  in  weight 
of  molasses  casks,  occasionally  arising 
from  absorption,  122. 

Fen-ic  oxide,  pyromeconate  of,  80. 

Frankland,  E.,  on  a  new  series  of  or- 
ganic bodies  containing  metals,  57. 

Frankland,  E.,and  W.  J.  Ward,  on  an 
improved  apparatus  for  the  analysis  of 
gases,  197. 


G. 


Gas,  on  the  use  of,  as  fuel  in  orga- 
nic analysis,  by  A.  W.  Hofmann, 
209. 

Gases,  apparatus  for  collecting,  over 
water  or  mercury,  by  W.  M.  Wil- 
liams, 44. 

heat  disengaged  by  the  solution  of, 

in  water,  241. 

heat  evolved  in   the  condensation 

of,  by  porous  bodies,  251. 

heat  evolved  or  absorljed  by   the 

sudden  compression  or  expansion  of 
various,  251. 

on  an  improved  apparatus  for  the 

analysis  of,  by  E.  Frankland  and  W. 
J.  Ward,  197. 

table  of  the  thermometrical  results 

produced  by  sudden  change  of  volume 
in,  253. 

Gerhardt,  C,  on  the  amides,  193. 

Gladstone,  J  H.,  on  a  compound  sul- 
phate of  potash  and  soda,  106. 

Glycerine,  compounds  of,  with  acetic 
acid,  286. 

with  butyric  acid,  285. 

'  with  margaric  acid,  284. 

with  mineral  acids,  287. 

• with  oleic  acid,  284. 

with  palmitic  acid,  284. 

with  stearic  acid,  282. 

with  valerianic  acid,  285. 

with    various    organic    acids, 

286. 


Glycerine,  on  the  compoundsof,  withacids 
and  on  the  synthesis  of  the  proximate 
principles  of  animal  fats,  by  M.  Ber- 
thelot, 280. 

Gold,  double  hvdrochlorate  of  sincaline 
and,  190. 


Heat,  action  of,  on  meconate  of  ammonia, 
72. 

researches  on  the  quantities  of,  dis- 
engaged in  chemical  and  molecular  ac- 
tions, by  P.  A.  Favre  and  J.  T.  Sil- 
bermann, 234. 

evolved   in   the    condensation    of 

gases  by  poi-ous  bodies,  251. 

in  the  formation  of  ammonia, 

250. 

or    absorbed   by   the    sudden 

compression  or  expansion  of  various 
gases,  251. 

disengaged  by  the  chemical  action 

of  the  solar  rays,  259. 

bv   the   combustion   of  acids 


with  anhydrous  bases,  246. 

by  the  solution   of  gases   in 


water,  241. 

bv   the   solution   of  salts    in 

water,  241. 

in  certain  phenomena  of  che- 
mical decomposition  and  in  changes  by 
demorjjhism,  238. 

in  rapid  combustion,  234. 

in  the  formation  of  salts,  242. 

in  the  hydration  of  sulphuric 

acid,  240. 

produced   by    the   combination   of 

metals  with  oxvgen,  chlorine,  iodine, 
&c.,  247. 

quantities  of,  evolved  in  chemical 

actions  produced  by  the  electric  cur- 
rent, 260. 

Heats,  specific  and  latent,  of  various 
bodies,  250. 

Hirschbrunn,  M.,  and  M.  Babo,  on 
sinapine,  187. 

Hofmann,  A.  W.,  on  the  use  of  gas  as 
fuel  in  organic  analysis,  209. 

How,  Henry,  on  meconic  acid  and  its 
derivatives,  72. 

on  some  new  basic  products,  ob- 
tained by  the  decomposition  of  vege- 
table alkaloids,  125. 

Hydrargyroniethylium,  65. 

Hvdrate  of  alumina,  soluble  in  water, 
225. 

Hydriodate  of  amylopiperidine,  181. 

of  piperidine,  177. 
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Hydrocarbons,  heat  disengaged  in  com- 
bustion of,  236. 

Hvdrocblorate,  double,  of  sincaline  and 
■gold,  190. 

of  sincaline  and  platinum,  190. 

of  etbylopiperidine,  180. 

of  piperidine,  176. 

Hydrogen,  on  a  new  oxide  of,  and  its 
relation  to  ozone,  bv  M.  Baumert, 
169. 

on  the  use  of,  in  determining  va- 

poui'-densities,  and  on  the  acidification 
of  alcohols  by  oxygen-gas  or  atmo- 
spheric air,  by  R.  Railton,  205. 


Iodide  of  ethyl,  action  of  tin  upon,  58. 

of  methvl,  action  of  mercurv  upon, 

65. 

action  of  zinc  upon,  62. 

of  nitrogen,  on  the  constitution  of, 

by  R.  Bun  sen,  90. 

of  stanethylium,  59. 

of  tellurethyl,  42. 

Iodine,  heat  produced  by  the  combina- 
tion of  metals  with,  247. 

on  the  general  distribution  of,  by 

Stevenson  Macadam,  166. 

Iron,  acetate  of  sesquioxide  of,  228. 


Lead,  oxide  of,  combination  of  acids 
with,  247. 

pyromeconate  of,  80. 

Lead-salt  of  bromopyromeconic  acid,  81. 

Liebig,  J.,  note  on  Thierschite,  112. 

on  kyanurenic  acid,  113. 

on  some  compounds  of  urea,  and 

on  a  new  method  for  the  determina- 
tion of  chloride  of  sodium  and  of  urea 
in  urine,  1. 

Lieshing,  F.,  on  the  mode  of  estimating 
the  value  of  red  prussiate  of  potash, 
31. 

Lime,  combination  of  acids  with,  246. 

pyromeconate  of,  79. 


M. 

Macadam,  Stevenson,  on  the  general 
distribution  of  iodine,  166. 

Magnesia,  ])yromeconate  of,  79. 

Makins,  G.  H.,  on  an  improved  assay- 
balance,  36. 


Margarins,  284. 

Marignac,  C,  researches  on  didy- 
mium  and  its  principal  compounds, 
260. 

Meconate  of  ammonia,  bibasic,  72. 

action  of  chlorine  on,  73. 

Medlock,  H.,  and  C.  H.  Clarke,  analy- 
sis of  the  waters  from  the  deep  wells 
of  Westboume  Park  and  Russell  Square, 
and  the  artesian  well  of  the  Hanwell 
Lunatic  Asylum,  115. 

Mercury,  action  of,  upon  iodide  of  me- 
thyl, 65. 

compounds  of  protoxide  of,   with 

urea,  2 — 4. 

compounds  of  urea  with  protoxide 

of,  5—7. 

determination  of  protoxide  of,  in  a 

solution  of  nitrate  of,  14. 

preparation  of  nitrate  of  protoxide 

of,  8. 

preparation  of  normal  solution  of 

cldoride  of  sodium  for  determining 
the,  in  a  solution  of  the  protoaitrate, 
15. 

preparation  of  solution  of,  for  the 

precipitation  of  urea  in  urine,  21. 

quantitative  determination  of  chlo- 
rine in  neutral  liquids  by  means  of 
protoxide  of,  7. 

Metals,  heat  produced  by  the  combina- 
tion of,  Avith  oxvgen,  chlorine,  iodine, 
&c.,  247. 

on  a  new  series  of  organic  bodies 

containing,  by  E.  Frankland,  57. 

Methyl,  action  of  iodide  of,  upon  mor- 
phia, 130. 

iodide  of,  action  of  mercur^'  upon, 

65. 

action  of  zinc  upon,  62. 

Methyl-ccnanthyl  ether,  314. 

Methylopiperidine,  1 79. 

Methyl-urea,  piperidic,  178. 

Molasses  casks,  on  the  increase  in  the 
weight  of,  occasionally  arising  from 
absorption,  by  W.  Ferguson,  122. 

Molecular  and  chemical  actions,  re- 
searches on  the  quantities  of  heat 
disengaged  in,  by  P.  A.  Favrc  and 
J.  T.  Silbermann,  234. 

Monobutyrin,  285. 

Monomargarin,  284. 

Monopalmitin,  284. 

Monostearin,  282. 

Monovalerin,  285. 

Morpliia,  action  of  iodide  of  ethyl  upon. 
126. 

mcliiyl  u])oii,  130. 

and  chloride  of  auiyl,  reaction  be- 
tween, 132. 
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Nine-carbon  ether,  312. 

Nitrate  of  didymiuiu,  266. 

of  pij)eri(line,  177. 

of  urea,  compounds  of,  with  prot- 
oxide of  mercury,  5—7. 

Nitrogen,  iodide  of,  on  the  constitution 
of,  by  R.  Bunsen,  90. 

on  two  new  methods  for  the  deter- 
mination of,  in  organic  and  inorganic 
compounds,  by  Dr.  Maxwell  Simp- 
son, 289. 

Northcote,  A.  B.,  and  A.  11.  Church, 
on  the  action  of  caustic  potash  on  tlie 
phosphates,  53. 

on  the  l)ehaviour  of  some  ox- 
ides with  caustic  potash  in  the  pre- 
sence of  oxide  of  chromium,  54. 

o. 

Oleins,  284. 

Organic  bodies,  on  a  new  series  of,  con- 
taining metals,  by  E.  Fraukland,  57. 

Oxalate  of  didymium,  272. 

of  oxide  of  tellurethyl,  43. 

of  piperidine,  177. 

Oxide  of  stauethyhuni,  59. 

of  tellurethyl,  43. 

Oxides  of  didymium,  262. 

— ;—  on  the  behaviour  of  some,  with 
caustic  potash  in  the  presence  of  ox- 
ide of  chromium,  by  A.  B.  North- 
cote and  A.  H.  Church,  54. 

Oxybromide  of  tellurethyl,  41. 

Oxychloride  of  tellurethyl,  41. 

Oxygen,  heat  produced  by  the  combina- 
tion of  metals  with,  247. 

on  the  acidification  of  alcohols  by, 

or  atmospheric  air ;  and  on  the  use  of 
hydrogen  in  determining  vapour-den- 
sities, by  R.  Railton,  205. 

Oxygen- radicals,  researches  on  the,  by 
L.  Chiozza,  182. 

Oxyiodide  of  tellurethyl,  42. 

Ozone,  on  a  new  oxide  of  hydrogen,  and 
its  relation  to,  by  M.  Baumert,  169. 


Palmitin,  284. 

Pasteur,  L.,  researches  on  the  cinchona 
alkaloids,  273. 

transformation  of  the  two  kinds  of 

tartaric  acid  into  racemic  acid.  Dis- 
covery of  inactive  tartaric  acid.  New 
method  of  separating  racemic  acid 
into  the  two  tartaric  acids,  right  and 
left,  277. 

Pelargonic  beuzoate,  or  benzoic  pelar- 
gonate,  187. 


Phenvlamide,  dibenzo-  CDibeuzanilide), 
197. 

Phos]»hate  of  didymium,  266. 

Phosphates,  on  the  action  of  caustic  po- 
tash, on  the,  bv  A.  B.  Northcote 
and  A.  II.  Church,  53. 

Piperidic  ethyl-urea,  178. 

methyl-urea,  178. 

urea,  177. 

Piperidine,  hydriodate  of,  177. 

hydroclilorate  of,  176. 

nitrate  of,  177. 

on,  a  new  alkali  derived  from  fii- 

perine,  by  A.  Cahours,  175. 

oxalate  of,  177. 

sulphate  of,  177. 

sulphocarbonate  of,  178. 

Platinum,  double  hydrochlorate  of  sinca- 
line  and,  190. 

Potash,  caustic,  on  the  action  of,  on  the 
phosphates,  by  A.  B.  Northcote  and 
A.  II.  Church,  53. 

on  the  behaviour  of  some  ox- 
ides with,  in  the  presence  of  oxide  of 
chromium,  by  A.  B.  Northcote  and 
A.  H.  Church,  54. 

mode  of  estimating  the  value  of  red 

prussiate  of,  by  F.  Lie  shin  g,  31. 

■ on  a  compound  sulphate  of,   and 

soda,  by  J.  H.  Gladstone,  106. 

Potassium  and  didymium,  sulphate  of, 
272. 

Proceedings  at  the  Meetings  of  the  Che- 
mical Society,  54,  141,317. 

Prussiate,  red,  of  potash,  mode  of  esti- 
mating the  value  of,  by  F.  Lieshing 
31. 

Pyi-omeconate  of  baryta,  79. 

of  copper,  80. 

• of  feiTic  oxide,  80. 

of  lead,  80. 

of  lime,  79. 

of  magnesia,  79. 

of  strontia,  79. 
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Quinicine,  274. 
Quinidine,  275. 

• and  cinchonidine,  action  of  heat  on, 

276. 
Quinoidine,  276. 
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Railton,  R.,  on  the  use  of  hydiogen  in 
determining  vapour-densities,  and  on 
the  acidification  of  alcohols  by  oxy- 
gen-gas or  atmospheric  air,  205. 
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Treasurer's,  148. 

Rowney,  T.  H.,  on  the  solid  compound 
obtained  by  distilling  stearic  acid  with 
x^  lime,  97. 


S. 


Salicylamide,  benzo-,  196. 

cumo-,  196. 

Saline  compounds,  heat  disengaged  in 
the  formation  of,  257. 

Salts,  solution  of,  in  water,  241. 

Sebin,  286. 

Silbermann,  J.  T.  and  P.  A.  Favre, 
researches  on  the  quantities  of  heat 
disengaged  in  chemical  and  molecular 
actions,  234. 

SiUca,  soluble  or  gelatinous,  on  deposits 
of,  in  the  lower  beds  of  the  chalk  for- 
mation, by  J.  T.  Way,  102. 

Silver,  acid  ethylomeconate  of,  74. 

compound  of  oxide  of,  with  urea, 

4. 

on,  by  MM.  Babo  and  Hirsch- 

brunn,  187. 

Simpson,  M.,  on  two  new  methods  for 
the  determination  of  nitrogen  in  or- 
ganic and  inorganic  compounds,  289. 

Sincaline,  189. 

Soda,  on  a  compound  sulphate  of  potash 
and,  by  J.  11.  Gladstone,  106. 

Sodium  and  didymiiun,  sulphate  of,  271. 

chloride  of,  precipitate  from  acetate 

of  alumina  with,  231. 

on  a  new  method  for  the  determi- 
nation of  chloride  of,  in  urine,  by  J. 
Liebig,  1. 

Solar  rays,  heat  disengaged  by  the  che- 
mical action  of  the,  259. 

Stananiyliuni,  62. 

Stanethylium,  60. 

chloride  of,  60. 

iodide  of,  59. 

oxide  of  59. 

sulphide  of,  60. 

Stainnethylium,  62. 

Stearins,  282. 

Strontia,  combination  of  acids  with,  247. 

pyromeconatc  of,  79. 

Suljdiate  of  alumina,  l)ibasic,  229. 

of  didymiimi,  269. 

and  ammonium,  270. 

and  sodium,  271. 

— —  of  oxide  of  tclluretliyl,  43. 

of  ])i])nridiiin,  177. 

Sulpbidf  ol"  (lidyniinm,  264. 

of  btancthylium,  60. 


Sulphite  of  didyminm,  268. 

and  potassium,  272. 

Sulphocarbonate  of  piperidine,  178. 
Sulphophenylamide,  argento-benzo-,  196. 

benzo-,  196. 

• cumo-benzo-,  196. 

dibenzo-,  196. 

Sulphur,  heat  disengaged  in  combustion 
of,  238. 
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Tellureihvl,  on  some  new  compounds 
of,  by  Wohler,  40. 

bromide  of.  41. 

iodide  of,  42. 

oxalate  of  oxide  of,  43. 

oxide  of,  43. 

oxy bromide  of,  41. 

oxy  chloride  of,  41. 

oxyiodide  of,  42. 

sulphate  of  oxide  of,  43. 

Test-liquor,  preparation  of,  for  the  de- 
termination of  chloride  of  sodium,  10. 

Tetramargarin,  284. 

Tetrapalmitin,  284. 

Tetrastearin,  283. 

Thierschite,  note  on,  by  J.  Liebig,   112 

Tin,  action  of,  upon  iodide  of  ethyl,  58. 

Trityl,  hydrate  of,  287. 

Twelve-carbon  ether,  316. 
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Urea,  on  some  compounds  of,  and  on  a 
new  method  for  the  determination  of 
chloride  of  sodium  and  of  urea  in 
urine,  by  J.  Liebig,  1. 

compound  of,  with  oxide  of  silver, 

4. 

compounds  of  nitrate  of,  with  pro- 
toxide of  mercury,  5 — 7. 

. with   protoxide    of    mercurv, 

2—4. 

method  for  the  determination   of, 

in  urine,  18. 

method  of  determining,    in    urine 

containing  chloride  of  sodium,  25. 

pil)eridic,  177. 

preparation  of  solution  of  mercury, 

for  the  precipitation  of  urea  in  urine, 
21. 

V. 

Valeranilide,  185. 

Valerianic  benzoatc,  or  l)Ciuoic  valeria- 
nate, 185. 
Valerius.  285. 
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